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temperature temperature
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m
m
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temperature temperature
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'EXECUTIVE SUMMARY

This proceedings document describes the "Work Zone Traffic Control Symposium--
-Making It Work," which was sponsored by the Federal Highway Administration in -
Orlando, Florida on Friday, January 18 and Saturday, January 19, 1991. Representatives
from Federal agencies, States, cities, counties, industry, and foreign countries attended
_ the symposium, whose objective was to improve the safety and efficiency of day-to-day
maintenance and operation of work zones.

The first day’s morning session opened with welcoming remarks from Bill Deyo,
Florida Department of Transportation. E. Dean Carlson, Executive Director, Federal
Highway Administration, charged individuals in the group to commit themselves to
halting and reversing the trend of increasing number of fatalities in work zones. He
pointed out that as the Nation works at maintaining and rehabilitating existing highways,
the number of work zones will grow significantly from 30,000 annually now. He implored
participants to dedicate themselves to improving safety and efficiency of the day-to-day
maintenance and operations of work zone traffic control by understandmg problems and
using available resources wisely.

Plenary presentations on Work Zone Safety--Is It Working, New Part VI of the
Manual of Uniform Traffic Control Devices (MUTCD), and Causes and Prevention of
Tort Liability in Work Zones Traffic Control followed. The morning ended with a panel
discussion on Contracting Procedures for Work Zone Traffic Control.

The afternoon program included plcnary sessions on the Use of Police for Work
Zone Traffic Control, New Concepts in Work Zone Traffic Control, Warrants and Proper
Deployment of Flashing Arrow Panels, Current Practices in the Use of Steady-Burn
Warning Lights, Guidelines for the Use of Truck-Mounted Attenuators, and Safe
Deployment of Traffic Control Devices.

Saturday morning’s program consisted of three concurrent break-out sessions on
"Making It Work" with presentations and discussions of work zone traffic control on
freeways, city and suburban streets, and rural roads. In the afternoon, plenary sessions
addressed Public Awareness of Work Zone Activity, Inspection of Work Zone Traffic
Control Hardware--A Systematic Approach, Work Site Traffic Control Training and
Certification, and Management of WZTC--Making It Work!

The program continued with a plenary panel discussion of Work Zone Traffic
Control--Making It Better. Philip Russell, Federal Highway Administration, gave closing
remarks and adjourned the symposium.

' On Sunday, January 20 the symposium participants attended the opening session of
‘the American Traffic Safety Services Association’s (ATSSA) 21st Annual Convention and
Traffic Expo that was held at a nearby hotel.




WORK ZONE TRAFFIC CONTROL~MAKING IT WORK

Following opening remarks by Bill Deyo, Florida Department of Transportation, E.
Dean Carlson, stated the objective of the symposium, "to improve safety and efficiency of
day-to-day maintenance and operation of work zone traffic control. He noted that many
work zone traffic control plans are not maintained or operated as safely and efficiently as
possible and cited increased numbers of fatalities in work zones occurring when fatalities
relating to motor vehicle accidents on the Nation’s highways decreased. Work zone
traffic control plans have improved because of advancements in devices, specifications,
and training, he said. However, inadequate day-to-day housekeeping and supervision,
-lack of timely changes to plans, and failure to replace worn out devices limits the benefits
of these improvements and creates-safety hazards for workers and motorists in work
zones,

Philip O. Russell, Federal Highway Administration, reported on revisions being made
to Part VI of the MUTCD, which will define more clearly and establish standards for
traffic control devices and their application. He stated that a notice of proposed
rulemaking is expected to be published in the Federal Register by September 1991, with
final rulemaking expected in November 1992.

Russell M. Lewis discussed Tort Liability--Causes and Preventions. He specified good
engineering and work practices that are useful in enhancing an organization’s defensive
posture and mitigating liability. These included the following: accident avoidance, injury
reduction, ways to identify potential accidents, inspection and maintenance practices,
following accepted standard of care, collecting perishable field data, comprehensive
training, and good documentation.

PANEL DISCUSSION: CONTRACTING PROCEDURES FOR WORK ZONES

Larry C. Smith, FHWA'’s Federal Lands Highway Office; Thomas Hicks, Maryland
State Highway Administration; Richard A. Dun, Hubbard Construction Co.; and L.
Sharon Fischer, Priceless Sales and Services, Inc., examined contracting procedures for
traffic control in work zones that promote safe, successful completion of jobs.
Contracting was addressed from the different perspectives of Federal and State agencies,
contractors, and subcontractors. Issues included: division of responsibilities and liabilities,
training, methods of payment, planning for unforeseen circumstances, use of law
enforcement, and teamwork.

The consensus of the panel was that contracts should delineate the responsibilities
and liabilities of those involved in work zones--the agency, the contractor, the engineer,
and the subcontractors. Contracts should be clear and specific in regard to work zone
traffic control devices. Panelists agreed that contracts should designate a trained traffic
supervisor who is responsible for day-to-day operations. They emphasized the importance
of using trained, experienced personnel and of frequent daytime and nighttime inspection.
Unit pricing was the preferred method of payment.




GENERAL SESSION: PRACTICAL APPLICATIONS IN WORK ZONE TRAFFIC
CONTROL

Captain Terry Conner, Arizona Department of Public Safety, focused on the need for
cooperation between construction contractors, engineers, and law enforcement officials in
“highway work zones. He stated that law enforcement personnel can recognize hazards
that may lead to a crash within a work zone, and they know how to deal with mattennve
or dxsrespcctfu] driver behavior. :

Informatlon on new devices, rnethods and concepts for work zone traffic control were
presented by Robert M. Garrett, Executive Director of ATSSA, Inc.. Garrett highlighted
devices that protect workers and pedestrians and those which are "forgiving" when struck
by errant vehicles. Many of the innovative devices were on display at the ATSSA 21st
Annual Convention and Traffic Expo "Makmg Safety Work," that was held January 20-22
nearby in Orlando

Joseph J. Lasek, Federal Highway Administration, reported on warrants and the
proper deployment of flashing arrow panels. Lasek cited existing problems with
placement, application, and sight obstacles. He pointed out that the application of arrow
panels is included in the Part VI of the MUTCD that is undergoing revision; therefore,

- he advised participants to watch for changes. He discussed current MUTCD provisions,
applications, and solar-powered arrow panels.

Current practices in the use of steady-burn warning lights in the U.S. was introduced
by Gerhart F. King, KLD Associates, Inc. King reported on the progress of a study by
ATSSA to define the proper role of Type C steady-burn warning lights in work zone
traffic control, including maintenance requirements. King focused on the results of a
survey designed to define current usage patterns of steady-burn warning lights and
problems associated with the use of these devices. The presentation analyzed the replies
received from U.S. State highway agencies and from U.S. companies engaged in the
rental, installation, operation, and maintenance of warning lights and other hxghway work
zone traffic control devices. :

The use of truck-mounted attenuators (TMA’s) was addressed by Jack B. Humphreys,
University of Tennessee. Following a nationwide study of the use of truck-mounted -
attenuators, recommended guidelines for the use of shadow/barrier vehicles and TMA’s
were developed. Because a large volume of data was not collected, Humphreys notes
that the guidelines are best used as a policy formulation and budgeting tool.

Jerry Hietpas, Action Safety Supply Co., presented a plan for safe deployment of
work zone traffic control systems. He provided step-by-step strategies from planning to
removal of work zone traffic control devices at the completion of the job.




CONCURRENT BREAKOUT SESSIONS
Group 1--Traffic Control for Work Zones on Freeways

Raymond A. Krammes, Texas A & M University, discussed planning and scheduling
freeway lane closures. He focused on a computer model QUEWZ3-PC, which stands for
Queue and User Cost Evaluation of Work Zones. It can estimate the queue length and
can identify time schedules when lanes may be closed without producing unacceptable
delays. Krammes presented examples of applications of QUEWZ3-PC that illustrate how
traffic impacts may be accounted for when planning and scheduling freeway work zone
lane closures.

" Real-time traffic control and changeable message signs were covered by Thomas
Hicks, Maryland State Highway Administration. His presentation included: traffic control
philosophy, device standards, customer service, specifications, traffic control plan,
credibility, information gathering, monitoring, data collection, information verification,
dispensing information on road use, and Traveller’s Advisory Radio (TAR).

James Migletz, Graham-Migletz Enterprises, Inc. talked about work zone speed
control procedures. He noted that reduced work zone speed limits decrease average
speed, but also increase speed variance, which increases accident rates. He observed that
drivers do not believe that speed should be reduced when there is no work or work is off
of the traveled way. He discussed the most effective speed control treatments-—-flagging
- and speed enforcement--and talked about changeable message signs and narrow lanes.
He recommended reducing the speed limit as little as possible, consistent with safe traffic
operations, but not more than 10 mi/h on urban freeways and not more than 15 mi/h on
rural roads.

The final panel speaker, William Walsh, Florida Department of Transportation,
described the $400 million Interstate 95 expansion project underway in Florida. He
highlighted Florida’s well developed maintenance of traffic plan and rigorous public
information program, whose objective is to mitigate the impact to the public during the
reconstruction.

Group 2--Traffic Control for Work Zones on City and Suburban Streets

Archie Burnham, Jr., consultant, gave an overview of work zone traffic control for
urban/suburban streets, including the scope of the problem, significant programs that
address the problem, standards and assistance, and several areas of misunderstanding.
While problems exist, Burnham cited training courses by ATSSA, the Georgia Safety
Council and several cities and States as evidence of growing interest in work zone safety.
He noted that a Transportation Research Board publication, scheduled for release in
early 1991, should be of additional assistance.




Protecting Pedestrians in Work Zones: Role for the MUTCD was the topic of Errol
C. Noel, Howard University. Noel stated that although much has been accomplished
regarding work zone safety, the safe accommodation of pedestrians in work zones is
frequently neglected and is not sufficiently addressed in the MUTCD or the Traffic
‘Control Devices Handbook. Based on field observations, review of documented policies,
- and discussions with traffic safety officials in a number of cities, Noel developed a
selection of practices for providing pedestrian safety in work zones, including bulldmg
codes, building permits, coordinated management of traffic, traffic control plans, gcneral
spccﬂ'icanons, information signs, protection devices, and delineation.

Rick L. Maddux, Cedar Falls Utilities, spoke on moving from a casual "no-cones”
approach to a commitment to no accidents in utﬂlty work areas. He provided ideas for
utility companies on how to improve traffic control in utility work zones. He described
his company’s new employee orientation; flagger handbook; flagger video; equipment,
including signs and cones; emergency assistance; annual training; and subcontractors.

A model traffic control ordinance was presented by Larry W. Settle, City of Overland
Park. He discussed the basis for creation of a traffic control ordinance and procedural
information, including preparation, orientation, training, and enforcement.

Group 3-Traffic Control for Work Zones for Rural Roads

Lane closure techniques used in Minnesota for two-lane roads were described by Jon
V. Jackels, Minnesota Department of Transportation. Jackels discussed the importance
of following work zone traffic control procedures, including design for short- and long-
term projects; daily planning; training; using proper devices; and providing proper
operation, including installation, maintenance, and inspection. He also discussed
techniques to improve safety and efficiency, as well as new technologies in short-term
work zone traffic control, such as reflectorized roll-up signs, portable traffic signals, and
portable rumble strips. He also described a STOP/SLOW paddle with suppiementary
flashing lights and the need for development of robotics to control vehicles, equipment,
and traffic control devices.

Larry C. Smith, Federal Lands Highway Office, spoke on applying the MUTCD to
rural roads, which have a range of conditions, from extremely low to not-so-low volume,
from major grading/reconstruction to simple overlays, as well as problems due to
inexperienced contractors and budgetary, seasonal, and weather concerns. He discussed
assumptions used in the MUTCD and latitude permitted by the MUTCD, and
recommended speed reduction zones, long-term travelled way/construction zone
delineation, and special standards for low-volume roads.

Robert L. Morrison, Hancock County, Ohio engineer, talked about rural low-volume
road work zone traffic protection. He described, in real-world terms, how the guidelines
are implemented in a low-volume road situation in a rural county.




Training through the Regional Transportation Assistance Program (RTAP) was
covered by Henry Sandhusen, Federal Highway Administration. He reported on RTAP
centers, where they are, and what they provide in training. He distributed a hand-out of
the current addresses and contact persons of RTAP Centers. He also described the
video-assisted training program and other materials available through the RTAP Centers..

GENERAL SESSION--MAKING IT WORK THROUGH PUBLIC INFORMATION,
INSPECTION, AND MANAGEMENT

Lynda J. South, Virginia Department of Transportation, spoke on public awareness
campaigns in 15 States, including California, Michigan, Virginia, Pennsylvania, and New
Jersey. She pointed out that five years ago only a few States had campaigns to inform
the public about work zone safety, but today approximately 20 States conduct campaigns,
many in partnership with organizations that have an interest in worker and motorist
safety. South distributed a work zone safety newsletter published by the American
Association of State Highway and Transportation’s (AASHTQ) Subcommittee on Public
Affairs. She credited that subcommittee with being a catalyst for the development of
some excellent State work zone public awareness campaigns and in promoting public
awareness nationwide.

Donald L. Woods, Texas A & M University, talked about a systematic approach to
inspection of work zone traffic control hardware. Woods described the check-list system
developed for the Texas State Department of Highways and Public Transportation and
suggested how to adapt it for use by other States or local governmental units. The check
list provides inspectors with something to assist them in recalling the wide variety of
technical details needed.

Training and certification for all personnel in work zone traffic control was the topic
addressed by Victor H. Liebe, American Traffic Safety Services Association. Training,
Liebe said, is crucial to an effective work zone traffic control plan. Training and
certification results in uniformity of interpretation and application of the standards and
guidelines in the design and operation of work zone traffic control. Liebe described
ATSSA’s 3-day, 20-hour "Training Course for Work Site Traffic Supervisors."

Johan J. Bemelen, Colorado Department of Highways, talked about efforts in the
Denver metropolitan area to improve traffic control through work zones, including a
district-wide work zone traffic control review program, the I-25 traffic control support
project, and a public relations project.




PANEL DISCUSSION--MANAGEMENT OF WORK ZONE TRAFFIC CONTROL—-
MAKING IT BETTER!

Harry B. Skinner, Federal Highway Administration; Bill Deyo, Florida Department of
Transportation; Robert L. Morrison, Hancock County, Ohio; and Victor H. Liebe, -
American Traffic Safety Services Association made up the final panel that addressed
management of work zone traffic control. Skinner pointed out the significance of
uniform standards, uniform applications of standards, inspections, and training. He stated.
that the Federal Highway Administration is dedicated to enhancing safety in the highway
work zone for the construction worker and the motorist. Other topics covered by
panelists included the importance of training and up-to-date uniform standards,
communication in management, and teamwork in management.

SUMMARY

Harry B. Skinner urged participants to commit themselves to redﬁcing the number of
injuries and fatalities in work zones. Because the number of work zones is increasing as
the Nation maintains and rehabilitates its roads and highways, safety in work zones will
play a vital role in ensuring that the transportation system supports public safety--a

national transportatlon pohcy, as stated by Secretary of Transportation Samuel K.
Skinner.

Problems that contribute to unsafe work zones include: insufficient attention to day-
to-day maintenance of work zone traffic control; lack of training of managers and
workers, especially at the small municipality and local utility level;- misunderstanding by
the public regarding snow plowing operations; and insufficient standards for
accommodation of pedestrians in work zones. One problem area cited by many
participants was failure to remove or cover work zone signs when work is not being
performed, which causes motorists to ignore warning signs, even when work is underway.
This problem was evident outside the hotel where the symposium took place--during the
two days of the conference, work zone signs were in place, even though no work was
done during the entire period!

Key points of the symposium included the importance of well-trained personnel at all
levels; well-trained inspectors; certification--and recertification--through ATSSA and other
groups; frequent daytime and nighttime inspection of work zones by qualified technical,
as well as nontechnical, persons; uniform application of the MUTCD; the proper use of
up-to-date equipment; speed control; effective public relations to get the message out to
the public; and teamwork between agencies, engineers, contractors, subcontractors, and
law enforcement personnel.

Participants were urged to be prudent in documentation of the traffic control plan.
They were charged to be alert to changes, both in the MUTCD, and in technology
available.




In most cases, unit pricing for traffic control devices was recommended. Highway
agencies were advised to periodically review their unit price procedures to identify
problems and revise their practices accordingly.

Independent oversight of project work zone traffic control operations was suggested.
Successful programs cited include traffic control specialists who report to a district
engineer or a district construction engineer. The specialists are responsible for
systematically reviewing all projects in their area to identify deficiencies and recommend
corrective action.

An active role by law enforcement was recommended, both in enforcement and in
identifying problems that may exist in a work zone. The use of uniformed police is an
effective way to control speed in work zones.

Day-to-day maintenance of work zone traffic control devices should be rigorous.
Special attention should be paid to maintaining work zone traffic control plans, replacing
worn out or damaged devices, and having the right device in the right place.

Skinner emphasized FHWA'’s dedication to the need for a set of uniform standards
for traffic control through the work zone. He drew attention to the rewriting of Part VI
of the MUTCD, currently underway, and announced plans to publish the revised Part VI
as a stand-alone document for convenient use in the field. He noted that FHWA is
convinced of a need for uniform application of standards throughout the life of a project.
He also stressed the need for continuous inspection of operations to ensure that the work
zone traffic control plan is being followed and is functioning properly.




WELCOMING REMARKS

Bill Deyo
Director, Office of Design
Florida Department of Transportation

~On behalf of Secretary Ben Watts and the Florida Department of Transportation, I
am pleased to welcome you to Orlando. This is certainly a timely meeting to discuss and
share ideas on traffic control through the work zone, especially with the recent emphasis
on safety countermeasures.

Other than for the famous "men working" sign when no work is occurring on jobs,
most often we don’t get glowing remarks or thank yous for keeping motorists and
pedestrians moving safely through or around construction work zones. Rather, we get
- complaints when delays occur. In spite of the fact that the public recognizes the need for
maintenance and construction activities, their willingness to be inconvenienced by these
activities continues to be less and less. This we viewed as a challenge to provide
somewhere near the same level of safety and mobility to the public during these various

- construction and maintenance operations on the highway systems. Toward the goal of
achieving this safety level for motorists and pedestrians and cyclists, the Florida
Department of Transportation, some years ago, developed an action plan for work zone
traffic control (WZTC). This action plan included eight objectives toward this goal. Some
of these are:

@ Update Standards and Specifications

@ Improve Traffic Control Plans

o Evaluate WZTC Training Needs -

@ Develop Quality Assessment Review Criteria

With all of these, we are progressing very well and have made great strides towards
this goal. We have very good dynamic standards, a Quality Assurance review process,
and certainly, improved traffic control plans.

One area receiving particular emphasis at this time involves our WZTC training. We
have a very active training program being provided by a team of DOT engineers, as well
as the American Traffic Safety Services Association (ATSSA). This training emphasizes
our standard WZTC schemes -- "how to" for designers and construction engineers and
contractors implementing these plans. Our DOT sponsored courses have trained more
than 1,000 thus far. We have a Florida specific course -- Florida Standards and
Specifications -- in addition to the ATSSA basics, such as flagging techniques.




In addition to this training, there is multi-discipline maintenance of traffic (MOT)
committee which includes Construction, Design, Maintenance, Traffic Engineering, Value
Engineering and FHWA. This cooperative effort for sharing ideas, communicating
experiences, reviewing TCP and WZTC on a statewide basis is Making It Work for
Florida. The communication efforts, including community involvement you’ll hear about
later in the symposium, include all news media to get the word out, -- places to avoid,
travel times, etc., etc.

This is Making It Work!

Our action plan is in full swing. I hope this symposium is of some positive benefit.
Again, WELCOME, we’re ready to share our program with you.
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-WORK ZONE SAFETY -- IS IT WORKING?

E. Dean vCaxlso‘n
; Executive Director
'Federal Highway Administration

I appreciate the opportunity to open this symposium. As some of you may be aware,
my experience with the Federal Highway Administration (FHWA) extends over the last
three decades with its beginnings as a project engineer with the Bureau of Public Roads.
Throughout my career, I have had the same opportunities many of you now have to
influence highway safety and operations. Personally, my greatest satisfaction came with
direct involvement in the planning and implementation of projects, particularly the more
complicated ones, which often required maintaining traffic through work zones.

During this symposium, you should be thinking about your role in "Making It Work."
I would like you to consider the following four points and how they relate to you:

e The Problem Many work zones are not maintained or operated as safely
and effectively as possible.

e The Objective Improve safety and efficiency of day-to-day maintenance and
operations of work zones.

e The Situation Understand what resources are available and how to apply
them.

e The Commitment Your role in "Making It Work."

I would now like to expand on each point beginning with the problem. Many work
zones are not being maintained as safely or effectively as practical. I believe that 30 years
ago, planning and implementing good work zone traffic control procedures was more
difficult. I believe this because at that time work zone traffic control planning was only in
its infancy. Traffic control devices were not as numerous or sophisticated as they are
today, and few government employees or contractor’s personnel were trained in tlie
development and operation of construction work zones. This will probably date me, but I
can remember a time when we used smudge-pots blackened-steel spheres filled with
kerosene and illuminated with a wick. This was a common device for identifying a
hazardous area along the roadway. :

Work zone traffic control has come a long way since the smudge pot. However, even
with all of the improved devices, specifications, traffic control plans, and training, traffic
control in work zones continues to be unsatisfactory on many projects. The problems
usually lie in the lack of day-to-day housekeeping, limited supervision, lack of timely
changes, and failure to replace damaged and worn out devices.
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I am being drawn back again into taking a personal interest in the intricacies of work
zone traffic because of the growing number of fatalities associated with work zones in the
last several years. Between 1985 and 1989, fatal accidents involving motor vehicles have
increased from 679 to 782 or 15 percent. This is particularly disturbing when you
consider that the total number of fatalities related to motor vehicle accidents on our
Nation’s highways decreased last year. During the last 5 years, fatal accidents on all
highway systems have been rising at a rate of about 2.6 percent per year while work zone
accidents rose 3.7 percent.

I believe we are not experiencing a levelling off of all fatal accidents in almost all
other areas. I hope through your efforts, we can also halt and reverse the trend of
increasing fatal accidents in work zones. Because more and more motorists, pedestrians,
and workers are being exposed to the potential hazards or work zones, this rising accident
trend is not expected to resolve itself. There are now over 30,000 work zones annually,
and I anticipated this number will grow significantly as we continue to maintain and
rehabilitate our existing highways. You need to ask yourself: "What can be done to
improve work zone safety and efficiency?"

As I previously mentioned, our objective is to improve the safety and effectiveness of
day-to-day operations and maintenance in work zones. The focus of this symposium is to
identify techniques and procedures to "Make It Work." By this I mean identifying what
form of unit prices, specifications, and highway-agency management techniques lead to
improved day-to-day operations.

We are in a good situation to address this objective because we have the available
resources and know-how to apply them. We currently have available the four basic
building blocks necessary in developing safe, effective, and well maintained construction
zones.

o* The first building block includes an adequate inventory of appropriate traffic
control devices. Many of the devices currently available to highway agencies,
commercial enterprises, and contractors have been specifically developed to meet
the driver’s need for information and guidance while protecting the worker and
motorist from potential impact danger. The appropriate use of a well maintained
device is the hallmark of good work zone traffic control management. This
symposium was developed to address the techniques and management activities
necessary to keep traffic control devices effective. Our symposium coincides with
the American Traffic Safety Services Association (ATSSA) 21st Annual
Convention and Trade Show. I hope you will take the opportunity this Sunday to
attend and view many new and improved devices, along with specialized
equipment currently available for maintaining their effectiveness.

¢® A second building block essential to the development of good work zone traffic

control consists of typical traffic layouts for common situations. The FHWA,
through Part VI of the Manual of Uniform Traffic Control Devices (MUTCD)
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and the Traffic Control Devices Handbook, provides typical work zone layouts for
the most common situations. Many State and local agencies have developed

standard drawings and details that supplement these layouts or satisfy situations or
operations that are unique to their agency. I believe the use of well maintained
standard layouts, along with the flexibility to make changes and improvements as
appropriate, is essential for good day-to-day work zone operations.

e The use of a work zone traffic control plan is the third essential building block. It
incorporates appropriate devices and layouts along with contracting procedures
and specifications and provides for the easy identification and replacement of
inadequate and nonstandard devices. The need for good planning, ability to
recognize problems, and flexibility to make appropriate changes is critical to the
day-to-day management of work zones and must be reflected in the work zone
traffic control plan. A large portion of this symposium is structured around
understanding the contractual arrangements necessary to support effective work
zone traffic control plans. Although the resources are available, this is one area in
which we have not been completely effective.

o The last building block includes the skills and abilities that are essential to the

' planning, implementation, and everyday maintenance of the work zone. A
substantial number of training activities have been undertaken by highway agencies
and ATSSA in the last several years. Several new courses, to be discussed at this
symposium and at the ATSSA convention, have become available to help develop
the skills and abilities of project engineers and technicians, maintenance crews, and
construction workers involved in the day-to-day operation and maintenance of
work zones. This is another area I regard as needing more attention. The
individuals responsible for the maintenance of devices must be able to identify
when a device is not acceptable and know what to do about it.

The last point I want to address is your personal commitment to "Making It Work."
Responsibility for good day-to-day maintenance of work zones is shared by all of us:

® The Designers and Planners Who produce the contracts, bid items,
: specifications, and develop traffic control
plans. *

@ The Administrator and Managers Who establish objectives, allocate resources,
’ and develop programs.

@ The Project Engineers Technicians Who administer the contracts and inspect
and review the work.

@ The Contractors and Suppliers Who do the work and provide the devices
used. '
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¢ ® The Enforcement Officials Who have authority for regulations of traffic
in work zones.

Each of you should consider the following six elements necessary for good day-to-day
operations. Consider which of these are within your areas of responsibility and how you
can improve the situation:

¢ Develop responsibilities for managing, maintaining and monitoring work zone
- activities. Nighttime reviews are especially important and must be a part of the
highway agency’s and contractor’s responsibilities.

o Identify the dévices, layouts, and procedures necessary for good day-to-day work
. zone operations.

e Incorporate standards into the contract documents and maintenance procedures
that define levels of acceptability for devices and layouts.

e Provide for payment in a form consistent with the desired use, maintenance,
repair, or replacement of each type device.

e Provide for flexibility in management and operatibns of work zones. The project
manager and contractor should have the ability to modify easily the traffic control
plan to meet any new or unforeseen conditions.

o Inspect work zones and work zone devices on a routine basis both 'day and night.

As I mentioned previously, fatal accidents in work zones have been increasing since

. 1985. The Federal Highway Administrator recognized this trend several years ago and
.initiated several activities to reduce work zone accidents. The FHWA has also

- enthusiastically supported State and local efforts in developing and implementing work

~ zone traffic control programs and procedures directed at reducing accidents in work

. zones. These efforts have been directed at improved safety for the motorist, pedestnan,
- worker, and enforcement personnel. Our objective was, and still is, to halt the growmg
number of work zone accidents and reverse this trend over the long term by improving
work zone safety.

As many of you are aware, the administration’s proposed legislation for the next
- highway authorization provides for Federal-aid projects to be focused on a system of
_national significance. This proposed system would probably include the Interstate, most
- of the Primary system, and some of the Secondary and Urban highways. I mention this
only because I want you to understand that regardless of how the system is defined, the
FHWA will remain committed to improving highway safety on all public roads. Our
commitment to public safety, particularly to safety within the work zone, will continue to
receive Federal support and emphasis. |
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NEW PART VI OF THE MUTCD

Philip O. Russell
Chief, Traffic Control Device Applications Branch
Federal Highway Administration

Part VI of the Manual on Uniform Traffic Control Devices (MUTCD) contains the

standards and guidelines for traffic control in construction and maintenance work zones.
This part of the document is being revised to define more clearly and establish standards for
traffic control devices and their application. The Federal Highway Administration (FHWA),
through a contract, developed a revised version of Part VI. This draft is being reviewed, and
recommendations are being developed by the National Committee and others for submission
to the FHWA.

~ One item that we are stressing is the importance of understanding the different areas of
a work zone and what types of traffic control devices are appropriate to each area. Figure
1 shows the different areas of a typical work zone.

Revisions to Part VI are directed to improved typical layouts for traffic control devices.
Additional examples have been developed to depict recommended traffic control on urban
streets, utility work sites, detours, and pedestrian facilities. Figures 2, 3, and 4 depict
examples of typical layouts for work zones. It is intended that they show more detailed and
specific treatments than previously included in the MUTCD’s. Particular attention is
directed to device placement and layouts of typical work situations. Also, requirements for
pavement markings and delineation are being clarified.

- The current provisions are directed to the application of pavement markings at the end
of each day. Markings to full standards should be installed in about two weeks. We
continue to receive comments and recommendations that 4 ft requirements for short-term
markings be changed to 2 ft. The FHWA has research underway that is looking at this
standard. Any changes in pavement marking requirements would be developed only if
clearly supported by research. The FHWA goal is to provide pavement markings at all times
to the extent practical.

The following schedule of events is planned:

e Draft Number 2 is being reviewed by the public and the National Committee on
Uniform Traffic Control Devices (NC), and closure date for receiving comments is
‘March 31, 1991. The NC’s and public’s comments will be reviewed and incorporated
as appropriate into a final draft.

e By September 1991 the FHWA expects to publish a Notice of Proposed Rulemaking
in the Federal Register and seek comments on the final draft.
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o The FHWA expects to publish a final rule for the new Part VI in November 1992.
Comments on the final draft will be reviewed by FHWA and incorporated as
appropriate.
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CAUSES AND PREVENTION OF TORT LIABILITY IN WORK ZONES

Russell M. Lewis, Ph.D., P.E.
Consulting Engineer

INTRODUCTION

Tort liability has been a growing concern for public transportation agencies and
highway contractors during the past few decades. A recent analysis of tort liability among
the States divulged the following statistics for 1988. Only 8 States had sovereign immunity
as to torts with 30 other States having some limited form of immunity. Twenty States
reported that they had found it necessary to increase the number of lawyers representing
their agencies. Pending tort claims totalled $14,948,906,000. In fiscal year 1987, tort
liability judgments and awards paid totalled $34,518,000 and an additional $58,602,000
was paid as settlements; thus, the total for tort payments was $93,200,000.

CAUSES AND ASSOCIATED ISSUES
Principal Reasons for Concern

Tort liability cost is a measure of human devastation. The moral ground for its
reduction comes before fiscal concern. Liability cases are filed after accidents in which
people incur injuries. Governmental agencies have an obligation to operate public
highways in a manner that will, within the realm of technical feasibility and to the extent
supported by public policies, provide a system that is reasonably safe for the traveling
public. _

Secondly, tort liability considerations are important to highway agencies because they
represent potential expenditures in the form of judgments that must come out of limited
financial resources. Additional costs are incurred in employees’ time and expenses which
must be expended in the agency’s defense.

Ability to Achieve Safety

By its very nature, the highway system is replete with hazards. In-the United States
there are approximately 181 million vehicles operated by highly variable drivers
performing under all sorts of conditions. Vehicles varying-from motorcycles to tractor-
trailers operate on facilities ranging from land-access roads to freeways. This highway
network exists all over the countryside, and travel takes place in all kinds of weather, 24
hours per day. In response to the public’s demand for mobility, we have created a system
having almost universal personal access. Its annual use is 1.91 trillion vehicle-miles of
travel, and there are many opportunities per mile for motorists to get into trouble.
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Examining the highway system, it is evident that there is virtually no control over the
driver, and only limited control over the vehicle. For the third element, the roadway,
highway agencies have a high level of control, as long as they do not interfere excessively
with traffic. The public insists upon mobility regardless of difficulties in maintaining the
system. Therefore, safety is a comparative attribute that cannot be attained completely.
Accidents can not be totally eliminated and are, in fact, inherent in the system.

Special Problems at Work Zones

Work zones pose special problems that increase the hazard potential for road users
and workers. Work zones surprise drivers; they do not expect work zones to be there.
' «Cons1der1ng travel mileage, work activities are rare events. Temporary traffic control
requires changed and unusual travel patterns which may confuse drivers. Additional
hazards may be present in the forms of fixed hazards, equipment, excavations, drop-offs,
etc. Dirt and debris may reduce visibility and decrease vehicle performance. There may
be distractions and conflicting information. Capacity restrictions may create safety
problems and driver impatience. : :

If the premise is accepted that highways are dangerous, it must be concluded that
working on such facilities is even more so, especially when the work must be performed
under traffic. Workers are often unprotected from erring motorists. :

Regardless of how well the work is performed, given sufficient time and traffic
volume, some accidents will inevitably occur. Moreover, cons:denng today’s legal cllrnate,
serious accidents will likely result in claxms

leﬁculty in Defendmg Clalms

The ability of public agencies, contractors, and others to defend such claims is limited,
and the situation is deteriorating. A new social concept of justice has evolved, and there
is an increased propensity for juries to favor injured parties. Laws related to tort liability
have undergone changes which have greatly increased the ability of plaintiffs to seek
redress. Publicity from successful suits creates a snow-balling effect creating more
lmgatlon This, in turn, has resulted in increasing the expertise of attorneys specxahzmg
in highway torts.

The problems. encountered by the defense in highway tort liability actions are
formidable. The plaintiff’s case can be directed to one specific location and point in time
when the accident occurred. The defendants, however, may have to justify their continual
actions over the entire system to show why limited resources were not allocated at the
point in question. Furthermore, public agencies should recognize that in court they will
be held to a much higher standard of care than the traveling public. The odds are that
some of these claims will be successful, and the cost of such settlements judgments, and
awards can be very substantial.
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PREVENTION

Many good engineering and work practices are useful in enhancing an organization’s
defensive posture and mitigating liability. Primary recommended actions are listed below.

Accident Avoidance

To the extent possible, accident avoidance is the best claims-prevention technique.
Helpful measures to reduce driver-caused accidents include furnishing proper
information, then providing time and space for motorists to recognize and correct errors
before they become catastrophic. - In terms of mitigating costs associated with liability,
priority should be given to accident-reduction measures directed towards fatal and serious
injury-producing accidents. ‘

Waiting until an accident occurs, however, may be too late to take corrective action.
Field personnel need to be aware of operational problems and be able to identify
accident potentlal Inter-vehicle and vehicle-device conflicts and near misses may indicate
deficiencies in the traffic control zone. Brake lights, skid marks, ruts, and damage to
traffic control devices provide evidence of operational problems.

Injury Reduction

Injury reduction can often be achieved by using new and/or improved devices,
equipment, and techniques. Soft and light-weight channelizing devices that improve
dynamic performance upon impact are available. Such devices reduce damage and loss of
control potential to impacting vehicles. They also reduce injuries to workers and
bystanders who may be hit by flying debris.

Pavement markings are especially useful for temporary traffic control. First, the view
presented by the pavement itself ranks high as an information source for drivers, and
pavement markings fulfill this basic need. Pavement markings are extremely effective in
~ providing directional guidance, especially where path changes are implemented, such as in
tapers, shifts, and diversions. As compared with channelizing devices, pavement markings
have excellent durability and impact performance. There are no reported instances of
pavement marldngs being knocked down, coming through a windshield, or flying through
the air and injuring a worker. Raised pavement markers are more cffectlve than standard
striping and may be easier to remove.

Temporary barriers are one of the few devices that exert positive control over traffic.
They can greatly enhance motorist, worker, and pedestrian safety by physically preventing
vehicular traffic from entering a hazardous area. In situations involving high speeds, high
volume, high hazard levels, and long-term activities, the use of barriers is often warranted
and cost effective from a safety viewpoint. In addition, it has been found that barriers
may be economical even without the consideration of safety. Once installed, temporary
barriers are practically maintenance free as compared with other channelizing devices.
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Another device that has great potential for injury reduction is the energy attenuator.
Portable crash cushions are now readily available for both temporary and mobile use in
work zones.

Inspection and Maintenance

Highway agencies and contractors are obliged to be aware of conditions existing on
the facilities for which they are responsible. Under the concept of "constructive notice,"
the duty to act may arise when the agency should have known of the existence of a
situation. Many factors tend to degrade highway work zones. Temporary devices are
readily displaced by vehicular contact, wind, and work operations and may be subjected to
destruction, vandalism, and theft. Dust, dirt, and grime may coat devices and reduce
their legibility. Malfunctions and burnouts are common.

On construction projects, it has been found that the major deficiency is not the
planning, design, or installation of the traffic control zone. Rather, it is the failure to
maintain adequately the zone throughout the construction period. Evaluation inspections
should be performed immediately following the initial installation and after each
subsequent modification of the zone. Maintenance inspections and routine servicing of
the traffic control zone need to be performed regularly.

Accident Investigation

All major accidents should be treated as potential claims. Accidents at work sites are
especially bothersome, as the work activity is almost invariably completed or at least in a
different phase before a suit is even filed. Much of the evidence is perishable, and, by
the time the suit is in hand, the information is often long since gone. Police accident
reports cannot be relied upon to provide the type of information needed for an effective
defense. Such reports typically describe only what was found at the accident site itself
and the final resting place of vehicles and injured persons. To show that the traffic
control zone was adequate at the time that the accident occurred, data must be obtained
as to all the devices that existed in the traffic control zone from its beginning up to and
including the accident site.

All accidents should be examined from the viewpoint of what improvements in work
zone traffic control procedures can and should be implemented which might preclude this
or a similar accident from happening again. This requires a review of the accident history
together with the characteristics of the traffic control zone. Such analyses should be
performed by trained and knowledgeable personnel. Considering the relatively short
duration and changeable nature of work activities, these investigations must be completed
in a timely manner outside the normal accident review process, which is typically
performed on an annual basis.
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Standard of Care

Negligence is the failure to exercise such care as a reasonably prudent and careful
person would use under similar circumstances. The main issue in tort liability is the care
with which highway responsibilities are exercised. If conduct falls below a reasonable
standard of care, then the responsible persons and/or organizations may be held liable for
injuries and damages which resulted from such conduct.

Many items of information may be brought into court to aid in establishing the
prevailing standard of care. One of the strongest types of evidence will be the agency’s
own documents. Standards and guidelines adopted by the agency may define in detail the
minimum requirements. A reasonable person would follow such rules and directives.
Other pertinent documents include manuals and standards of a superior agency '
(Federal/State or State/local agency). When work is being performed by contract, the
contract documents--plans, specifications and estimates--set forth the fundamental
requirements as to acceptable performance.

Procedures used by other agencies may be used to establish the state-of-the-art.
Guides developed by national and professional organizations show reasonable
performance as defined by the profession. Examples of such groups include the
American Association of State Highway and Transportation Officials and the Institute of
Transportation Engineers. Engineering texts, professional journals, and research
publications also may be cited. Lastly, there is the opinions of experts.

Changing State-of-the-Practice

Actions that constitute acceptable performance change with time. Research findings,
the availability of superior devices, and the recognition of the need for and advantages of
improved procedures all have an effect upon how a reasonable and prudent highway
engineer would act. A prime example of change that has occurred during the careers of
many of us is the use of arrow panels. In the 1970’s they were considered to be merely
supplementary devices. Today, they are generally considered to be a basic necessity for
lane closures on high-speed, high-volume facilities.

We must be alert to other changes that may be underway at this time. Years ago a
practice was instituted in which shadow vehicles were used in conjunction with a slow-
moving operation or lane closure on a high-speed roadway. Such protection vehicles have
been found to be effective in enhancing worker protection, which means that we have a
history of them having been impacted. Naturally, such a formidable object poses a signifi-
cant hazard for motorists. In response to this problem, the highway industry has
developed portable truck-mounted energy attenuators. With such techniques and
equipment available, procedures need to be reviewed.
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Defensive Stance

Because some accidents are inevitable on our highway systems and cannot be
completely avoided, it is essential to prepare for inevitable claims. Activities need to be
conducted in a manner that lays the groundwork for an effective defense, for use -
whenever needed.

If it is necessary to deviate from an agency policy or manual, such departures should
be approved at the same level that developed the policy. Furthermore the reason for the
change should be documented. Where "engineering judgment” is utilized, the persons
doing so should have the requisite knowledge and training to make such judgments.

Comprehensive training at all levels to assure technical competence and protective
performance is one of the best safeguards available. Employees must be made aware of
the safety aspects of their activities and must be familiar with agency policies and
procedures. The need for training arises from several factors, including revisions in work
procedures, changes in materials or equipment, and the inevitable turnover in personnel.

Good Performarice and Proof Thereof

It is essential that work be performed properly and in accord with all applicable
requirements. But these actions alone may not be sufficient for an adequate defense.
Al partles to the work must be prepared to prove in the courtroom that they performed
properly in the field. The key to this is good documentation.

There is a general concern that written records will be obtained by plaintiffs under the
rules of discovery and used against the agency. If such documentation is compiled
properly, that argument is not sound. The point is that if the agency is acting negligently,
it will likely lose cases regardless of its documentation. If it is performing adequately,
documentation is essential to establish that fact in court.

Written accounts describing the basis for a decision can be invaluable to anyone
subsequently reviewing the decision-making process. It also tends to insure a more
complete consideration of all relevant factors. Good documentation is not only helpful in
establishing reasonable conduct; it may be critical in proving such defenses as design
immunity or discretionary conduct. Juries may well discount verbal testimony made at
the time of the trial, considering them to be rationalizations or self serving. Written
materials prepared at the time in question will carry far more weight.

Proper documentation requires organization and effort. The lack of standard forms,
-uniform procedures, and review by superiors also contribute to inadequate

documentation. Problems caused by poor or nonexistent documentation include the
following:

¢* Difficulty in demonstrating the adequacy of the agency’s performance.
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e Inability to disprove plaintiff’s contentions.

o People involved with the project may not recall essential infonnatibn and/or
events.

o Responsible persons may no longer be available to testify.

Effective documentation records facts not opinions. It must be prepared in a timely
manner, signed, and dated. In addition, it needs to be filed in a manner facilitating
retrieval. Photographic techniques are especially useful in showing the manner in which
the temporary traffic control zone was set up at a work site.

SUMMARY

Improving safety at work zones and mitigating risks associated with tort liability are
two important and challenging tasks. Highway agencies and contractors must recognize
the inherent problems at highway work zones and must utilize good, current, and
prescribed devices, techniques, and procedures. The work must be planned and
performed as a well-reviewed and documented process. The key to an effective defense
is being able to show that all decisions and actions were based upon accepted principles
and procedures and that adequate checks and inspections were performed to insure
proper implementation.
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CONTRACTING PROCEDURES FOR WORK ZONE TRAFFIC CONTROL
SYNTHESIS OF PANEL DISCUSSION

The panel included: Larry C. Smith, Federal Lands Highway Office; Thomas Hicks,
Maryland State Highway Administration; Richard A. Dun, Hubbard Construction Co.;
and I. Sharon Fischer, Priceless Sales and Services, Inc. The group discussed contracting
procedures for traffic control in work zones that will promote safe, successful completion
of a job. Discussed were: division of responsibilities and liabilities between the agency,
the contractor, and subcontractors; training; methods of payment; dealing with unforeseen
circumstances; chain of command; law enforcement; and teamwork.

Larry C. Smith, Federal Lands Highway Office, presented the Federal perspective on
contracting procedures. He noted that Federal contracting procedures should give the
agency the necessary flexibility to react to and demand the traffic control necessary to
maximize public and worker safety. His key points included the following:

o The Federal Lands Highway Office sets up a traffic control plan for every project.
All traffic control plans follow MUTCD, but each varies depending on the size
and complexity of the project.

e Federal Land’s Highway Office Specifications are geared to end-result, with the
methods generally left to the contractor’s discretion. There are exceptions for
high volume projects.

o Every contract for high volume projects contains a specific, detailed traffic control
plan, including staging, limitations, work hours, and operations. Such contracts are
specific in method and control of operation, but the objective is to get the work
done, not to. be involved in day-to-day management of traffic.

e A traffic supervisor is named in each contract, and he or she is responsible for
day-to-day operations.

e Both lump sum and individual pay item methods of payment have a place in traffic
management.

o Lump sum payment requires a well defined and fairly firm traffic control plan in
the contract. Lump sum is, therefore, only appropriate for simple projects when
traffic control is set up one time only and is not likely to change. Lump sum puts
a higher risk on the contractor because the contractor has to forecast changes in
traffic at bid time.

o Individual pay items are used almost exclusively with work rehabilitation, with the
exception of some small jobs. Individual pay item payment provides flexibility to
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contract administrators. Day-to-day changes can be made without dispute with the
contractors.

o ® The individual pay item method adds risk to the agency because the contractor is
in control of the number and speed of the operations. This method reduces risk
for the contractor because it is easier to bid and generates fewer disputes.

o Using time gives the highest risk to the agency because the agency does not have
control over the contractor’s operations--how many people are on the job, or what
equipment is used. Time is usually used for flaggers and pilot cars to ensure quick
response. The time method is also used for flashing arrow boards and variable
message signs when they are needed only for a specific short period of time to set
up or move traffic patterns. o

e Paying for traffic control by time is administratively time-consuming because the
contract administrator must keep records on a daily or even hourly basis. The
time method gives the agency maximum flexibility to carry out the traffic control
management plan.

e The preferred method of payment is through individual unit prices bid by the
contractor to provide a particular traffic control device, including set-up, moving
the device around, maintaining it, and replacing it when necessary, for the duration
of the job. This method shares the risk between the government and the
contractor.

By paying for traffic control by unit basis, we pay directly for what we think is
necessary whether it was anticipated or not.

e The contractor and the agency must monitor and inspect traffic control on a
regular basis during daytime and nighttime whether operations are underway or
not.

Lo
Thomas Hicks, Maryland State Highway Administration, addressed the two-way
dealings and problems between the State Highway Administration and the contractors.
The challenge, he said, is to provide safety, economy, flexibility, and mobility. Because
Hicks submitted a complete paper that appears after this synthesis, abbreviated highlights
only are included, as follows:

e Highway agencies are making do with less money and less manpower while traffic
demands are increasing, resulting in greater hazards for both the public and
workers. Highway agencies are subjected to increased regulations--environmental
and others. The situations are more demanding, and we have a public that is less
compliant.
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@ Specifications and special provisions for work zone traffic control devices must be
comprehensive, clear, understandable, and detailed.

‘@ All partlcxpants in the process are members of a team. Interrelationships of the
" parties in the work zone have to be understood, particularly relating to the
handling of unforeseéen and emergency conditions and the contingencies to deal
with them.

o Contracts should cover the hours of operation and what happens if there is
~ noncompliance with specifications, as well as the method of measuring the basis of
‘payment, including the handling of overages and underruns.

@ With bid items, unit pricing should be used to the extent possible so that it is clear
what we are paying for. Unit pricing allows for handling unanticipated needs
without a lot of renegotiating. We need to spell out how we know that something
needs to be maintained, repaired, or replaced and who pays for it.

e Every project should have a traffic manager, a contractor’s person, who is trained
through ATSSA or another program.

@ Our project engineer is our lead engineer who is responsible for all aspects of the
projects. He or she has the final say on work zone traffic control issues.

o The district traffic engineer is the agency’s top traffic person, unless policy needs
to be addressed by central office approval. The district traffic engineer must
approve all significant changes to the traffic control plan. Significant changes
might include things like the unanticipated building of a detour or running traffic
across the median.

@ Traffic control plan inspections should involve technical teams, which include
representatives of the highway agency, the contractors, FHWA, and law
enforcement, if needed. Nontechnical people from the agency or representatives
from AAA should be sent through the work zone to find out what’s good and
what needs changing.

e Law enforcement must work with the engineers.

e More States are passing regulations that allow for higher fines for violations in
work zones than on the open highway. :

Richard A. Dun, Hubbard Construction Co., presented a look at contracting from the
general contractor’s perspective. He made the following observations:

e Highway agencies and engineers have as their primary objective maintaining a safe,
efficient highway system, while the general contractor’s objective is to make
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money. It’s our sole reason for being in business; however, unsafe practices,
unsafe construction techniques, and unsafe work zones lose money. It is
incumbent upon us to make sure we are working safely because nothing loses
money faster than accidents.

The purpose of contracts and subcontracts is to delineate, appropriately and
specifically, the responsibilities and liabilities of the players in the game--the
owner, the engineer, the contractor, and the subcontractors.

The goal of contracts and subcontracts is to structure a knowledgeable and
cohesive team that can successfully complete a project. The better job we do of
putting together the contracts and adequately describing what we want done and
whom we want to do it, the more chance we’ve got to successfully complete a
project.

Cost-effectiveness in staging is not as immediate to the owners and engineers as it
is to the contractor. Properly written contacts and subcontracts and plans that
adequately describe the work help minimize disputes, claims, and loss of money on
all sides.

Unit price payment and lump sum payment both work with contracts and
subcontracts.

Unit price payment is essential in maintenance of traffic. Contractors exist in a
competitive bid market in the U.S. in all road construction. In that market, that
which you don’t specifically pay for, you’re not going to get. You need to pay by
unit price so that you can ensure that the proper devices are going to be on the
job to ensure a safe project and to guarantee that you're not going to have
arguments.

The lump sum method of payment can be used to handle the general work zone
maintenance, the clearing of debris, the maintenance of steady-burn lights on
barrier walls. Lump sum allows such items to be fully paid for, including set-up,
relocation, and maintenance. What is included in the lump sum must be described
exactly so that there are no mistakes.

The maintenance of the traffic plan is usually provided in the design package for
bid purposes. It is what the contractor uses and what the traffic control
subcontractor uses to put together the bid. Unfortunately, the plans that are
provided to us rarely work the way they are put together. Why not? They are put
together by a designer--not necessarily the engineer who signs--but a designer
working under him, who may be limited in on-site construction experience.
Inexperience leads to some items in a traffic control plan that are not good in
concept. More importantly, the maintenance of traffic plan is put together before
the construction process by someone who’s got an entirely different concept from
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the contractor in terms of the sequencing of the construction work or in terms of
the cost of doing the construction operations.

¢ We should get more contractor input into the design stage, up to, and including
going to design/build. The more input you’ve got from the guys who are going to
do the work, the better your plan is going to be at the outset, and the fewer
changes that will have to be made down the line.

e Responsibility is delineated in the contracts at all levels of government. The
contract should adequately describe the responsibility of the owner, the engineer,
and the contractor.

e On the job site, we need trained, experienced personnel, who carry out the orders
of the contract to specifications. We have to provide a trained and experienced
supervisor and trained and experienced personnel. As an owner and engineer,
there’s a responsibility to provide trained, experienced inspectors, project
managers, and administrators.

e We need consistency in all work zone traffic safety requirements. There is no
consistency in the enforcement of using safe practices for municipal workers and
for private utilities workers, as there is within the construction industry.

e We need increased law enforcement in the work zone. No one will obey a 45-
mi/h speed limit when nothing’s going on. By the same token, when you’ve got a
construction zone in use and people are speeding through it at 75 and 80 mi/h,
which is typical in Interstate construction projects, something is wrong. It will lead
to a fatality sooner or later. The only way we can curb that is to get more and
stricter law enforcement within the work zone.

e Increased fines within the work zone is an excellent. idea.

e We need common sense in the field. We’ve all got books, manuals, and
procedures, but they can’t answer all the questions. You almost always find a
different set of circumstances facing you. We’ve got to approach those situations
on the job with the idea that our goal is to complete a project successfully; our
interim goal is to do that safely. A common-sense attitude and teamwork can
make that happen. While changes in Florida must be approved by the engineer, if
you build in reasonable steps, you get a reasonable resulit.

1. Sharon Fischer, Priceless Sales and Services, Inc., called for teamwork and
responsibility from all participants to achieve safety in the work zone. She pointed out
problems she has encountered as a subcontractor, who is often thought of as being on the
bottom of the rung. Her complete paper follows this synthesis. Key points of her
presentation were as follows:
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A project is supposed to'be a team effort; unfortunately in real life that is not the
way it always works. Everyone in the process must fulfill his or her responsibilities
properly. We need the contractor, engineer, and owner all working together to do
what is right and demand what is right from a safety standpoint. Last year 2,500
people died on work sites.

When every dollar you spend has to count, why not go with the best. The ,
competitive bid system worked for us for many years, but does that mean that it
will continue to work for us? Obviously not, or we wouldn’t have had 2,500
people die on work sites in 1990. That’s a startling fact.

When selecting contractors and subcontractors,;agencies should consider the
qualifications of the persons they are dealing with, their experience--not just
whether they can get the job done and bring it in on time, but the quality of the
job. '

Owners should prequalify the general contractor, and the general contractor
should prequalify his or her subcontractors and suppliers. We, the subcontractor
and the suppliers, are at the very bottom of the tier, and it shouldn’t be the
bottom rung because without us you don’t get the project done.

It costs money to train personnel. Overhead is greater for contractors who have a
safety program, tool box talks, a communication program for employees, and ’
continuing education. All things being equal, who’ll be the low bidder? The guy
with no overhead. A central clearing house for contractors, subcontractors, and
suppliers might be the answer.

It should be easier to change things, such as a speed limit in a work zone if there
is a problem.

For years the relationship between contractors and subcontractors was ‘
master/slave. Fortunately, many contractors now recognize it is a team effort. We
subcontractors have made a concerted effort with general contractors to
understand each other’s problems and understand the other’s rights.
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CONTRACTING PROCEDURES - A STATE’S PERSPECTIVE

‘Thomas Hicks S e
Deputy Chief Engineer-Traffic :
State Highway Administration

Maryland Department of Transportation

GENERAL

State Highway Departments have as their primary objective the operation and-
maintenance of a road system that is efficient and safe. As this objective relates to work
zones, all organizations represented at this symposium share the responsibility of
providing the performance levels, tools, and resources that assure the travelling public
and the highway worker a hlghway operation of optimum efﬁcwncy and safety.

Today we are all being called upon to perform in mcreasmgly more dlfﬁcult
circumstances--reduced resources, manpower, and dollars; increasing traffic loads;
working under traffic; a more. demandmg and less compliant public; increased regulation
of our activities; and an increasing deterioration of our older road systems None of
these things was unexpected, except, perhaps, the rate of their occurrence. They are part
of the game that we play, and they form the challenge that our team must now contend
with.

The word "team" is important. No longer can we as individual agencies, government
and private, perform without close coordination and intricate involvement of mutually
dependent programs in work zone traffic control (WZTC). Highway agencies,
contractors, subcontractors, suppliers, police, local governments, media people, and others
have leading roles in "making it work" in our WZTC efforts.

~ Before getting into the several elements of WZTC that should be explored and
discussed in the detail needed to help us better understand our program needs, and in
order to achieve our common objective of safety in the work zone, we should first
recognize and admit that we’re not there yet. While we’ve made major gains in
improving work zone safety in recent years, the feeling here is that we still have a long
way to go to provide the level of public and worker safety that we would feel is
acceptable. It is somewhat ironic that on one hand we have a very impressive array of
knowledge, standards, texts, tools, and devices, but, on the other hand, we have so far to
go in putting it all to good use. In a nutshell, we have not done what we know needs to
be done. Why haven’t we? That’s what we need to review and discuss now.

In the sections that follow the various elements of work zone traffic control that deal

with contracting procedures are listed. Within each section are issues that are briefly
described and noted as being in good shape or in some way unworkable or in need of
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help. At the end is a list of ideas and suggestions for implementation, or consideration,
by FHWA and the symposium participants for immediate improvement of our various
WZTC situations.

WZTC ELEMENTS
Specifications and Special Provisions

The need here is to have complete and comprehensive specifications that describe in
sufficient detail the various WZTC elements, as to responsibility for performance, needed
approvals, material specifications, required training/certification, interrelationships with
others, contingencies, coordination with adjacent projects, changes in the traffic control
plan, major unforeseen disruptions in the approved traffic control plan, traffic regulations,
use of law enforcement, handling of noncompliance with specs, project shut-downs,
incentives/disincentives, hours of operations, record-keeping, public relations/news media,
handling of incidents/accidents, method of measurement of work performed, and the basis
of payment of this work.

Most failures of the system to work well stem from having to make significant changes
in an already approved Traffic Control Plan (TCP) due to unforeseen circumstances.
The difficulties are mostly due to being unable to neatly "pull it off," that is, get the
traffic control changes approved by everyone and have the specs written in a way that
permits quick implementation. This means planning in advance for contingent items and
having them covered adequately for measurement and payment.

Another area in which the specifications are usually weak is in the handling of
deficient devices. Methods are needed for determining the level of device adequacy, time
requirements need to be set for replacement of inadequate devices, and a process for
shutting down the project for failure to remedy unsafe situations needs to be clearly set
forth.

Bid Items

To the extent possible, each individual WZTC task and control device should be
individually measured and paid for. The extra paperwork that may be needed is more
than offset by the advantages of having a clear understanding that each action will be
accurately measured and paid for promptly in well defined terms. Unanticipated needs
can be provided without renegotiations and undue hassle, making the accounting simpler
for the highway agency, and clearer to the contractor, subcontractor, and supplier as well.
Errors and miscalculations in the original development of the TCP can be recognized for
avoiding such mistakes in the future.

The unit prices for both services and devices should reflect the requirements of the
highway agency to have the proper and legally sufficient traffic service being provided at
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all times in the work area regardless of any extenuating circumstances. All traffic control
devices must be adequately maintained and replaced when no longer serviceable, and
standby devices must be expeditiously placed into service when others malfunction or are
otherwise knocked out of service. The contractor and/or subcontractor must provide the
timely monitoring of the work site to see that this is done.

Certain traffic control devices and services lend themselves well to being measured
and paid for through unit pricing while others seem to be better handled through a "lump
sum" type of maintenance of traffic item. It would be helpful for the highway agencies to
have more information on other States’ experiences on this, and perhaps a task force of
AASHTO, FHWA, ATSSA, ARTBA, and other affected groups could provxde this
information.

Traffic Control Plan (TCP)

While having and implementing a traffic control plan for State highway projects is not
now an issue, having TCP’s for local road projects and for work done along public
highways by utility companies, developers, and others is a real problem. The effects of
not having good TCP development and compliance within these lesser projects are
threefold. First, the public is not being provided uniform and consistent traffic control
device usage which leads to misunderstanding and noncompliance. Secondly, public
safety and worker safety is jeopardized, and, third, costs are increased for contractors and
suppliers through the handling of nonstandard devices.

The development of the TCP should be an interdisciplinary, teamwork effort, either in
the initial development, or in its review prior to implementation. The avenue should
always be there for changes and modifications to handle unforeseen or emergency
condition changes. As part of the project wrap-up, comments should be solicited from
contractors, subcontractors, and traffic control device suppliers on the appropriateness
and adequacy of the TCP elements. »

The TCP provisions must take into account stage construction of the project, the
placement of new permanent traffic control devices within the project (and their
applicability at the time of installation in consideration of the other work still underway),
the maintenance of existing traffic control devices (those in place before construction
began), the devices needed for highway conditions beyond the project limits, and the use
of parallel routes for necessary or voluntary diversions.

Probably, among all of the WZTC elements, the TCP--its development and
implementation--is the most important.

TCP Subelements

Every agency having a role %o play in the traffic control scene should have an
opportunity at some point to contribute to the development and/or implementation of the
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TCP. This includes the highway agency, the contractor, law enforcement, local
jurisdictions, fire and rescue, consumer groups, public information, news people, mass
transit, utilities, and metro traffic. Depending upon the extent of the project and its
effects upon traffic movement, some agencies will be in on the TCP development while
others will usually just be told about the plan. Comments, however, should be solicited
and willingly received from all quarters, particularly in the way of critique to see what
went well and what did not.

A traffic control plan can be quite complex, and latitude must be provided in the
numbers and types of traffic control devices being used in the project to allow the
contractor to provide the correct devices at the appropriate times in consideration of
constantly changing traffic conditions. Unforeseen and emergency conditions may arise
due to changes in the construction staging or due to major incidents. Real-time traffic
control and credibility with the public is everything. Quick and near instinctive contractor
response is to be striven for, and the highway agency must provide the conditions and
provisions that make it possible.

The traffic control plan must take into account adjacent projects and complement the
TCP’s of those work areas. Similarly, the project traffic control strategies must recognize
the capability of the local road system to handle any extra traffic that may be diverted
because of a capacity loss through the work area. If the total WZTC program is to
succeed, the inconvenience to the public with the resultant congestion and poor safety
conditions must be minimized. Not to do so results in public disrespect, lack of support
for our highway improvement programs, increased costs, increased accidents, and less safe
conditions for the road worker.

Traffic Manager

Every highway construction project should have a traffic manager, someone
responsible for overseeing completely the implementation of the TCP. The traffic
manager is the contractor’s representative who ensures that the provisions of the
specifications are being followed, that device usage and maintenance is timely, that
unforeseen situations are promptly dealt with, that questions regarding the TCP are
directed quickly to the correct person/office, and that all problems are handled with
dispatch from the contractor’s perspective. The traffic manager coordinates the TCP
activities with the subcontractors and suppliers and is the chief spokesman on the project
representing the contractor.

The traffic manager must be qualified to fulfill the role and should be certified
through training and completion of appropriate courses, such as those offered by ATSSA.

Every major construction project should have a full-time traffic manager, while those
projects of a lesser type may either have one traffic manager for several such projects or
a traffic manager having other tasks, but with the overseding of the TCP being the
primary task.
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Project Engineer

The highway agency assigns an engineer to oversee the project. This engineer is
responsible for all aspects of the project of which the lmplementatxon of the TCP is one--
the most important one. There is no question that preservmg public and worker safety is

far and above the most essential task of the project enginecr.

The project engineer must be fully knowledgeable in all aspects of traffic control, and,
in most instances, he or she is the final authority on traffic control issues within a project.
On large or more complex projects, the project engineer relies on project inspections to
monitor traffic conditions within the work site. One or more inspectors should be
assigned the task of routinely inspecting all aspects of traffic control within a project,
recording their findings, and discussing them with the contractor’s traffic manager.
Inspectors must also be knowledgeable in the subject of traffic control, and the highway

“agency should provide adequate training for inspectors to assure their proficiency.

District Traffic Engineer

The district traffic engineer has the responsibility of developing or overseeing the
development of the TCP. The district traffic engineer is usually the traffic control
authority at the district level and handles all interpretations of traffic control issues.
Frequent field reviews of TCP’s should be undertaken by the district traffic engineer
accompanied by the project engineer, or his or her representative, and the contractor’s
traffic manager.

All questions directed to the project engineer that cannot be completely responded to
are directed to the district traffic engineer who is a fully qualified traffic engineer. More
complex traffic control problems and those involving agency policy are referred to the
agency headquarters traffic engineer unit for advice and guidance.

The district traffic engineer should be responsible for épproving all significant changes
to the TCP and for assuring that the TCP is fully and correctly implemented for major
construction projects or activities prior to the commencement of the related work.

Field TCP Inspections

Field inspections of TCP’s for effectiveness and reasonableness should be undertaken
by teams of engineers and nonengineers with an assignment scope and frequency of visit
commensurate with the extent of the project and its effect upon traffic movement in the
area of the work site. Such teams should consist of highway agency, law enforcement,
and contractor representatives, from both central and field offices, who may not
~ necessarily be familiar with the work site. -

The team may be joined by ndnéﬁginécrs who are drivers but not overly
knowledgeable in traffic control, or a second team of such persons should be formed for
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the TCP field review. The findings of both teams should be reported to the project
engineer immediately so that identified issues may be promptly dealt with.

Team reports should also be recorded for review by district and central office staff for
improving the overall process. Likewise, such reports should be given to the contractor
for use in developing improved traffic control techniques.

Law Enforcement

In this day of increased work activity under fairly heavy or unexpected traffic conditions,
the use of law enforcement officers has been found to be effective in creating a greater
awareness and, consequently, greater caution on the part of the travelhng public.
National guidelines for such use and a summary of others’ experiences would be helpful
as a basis for the use of law enforcement officers at the work site.

Traffic Regulations

Generally, extraordinary traffic regulations governing motorists’ actions should be
avoided, as pointed out in the MUTCD fundamental pnncxplcs There are situations,
however, when special regulations can serve a useful purpose in increasing the level of
safety in the work site. Such regulations should be based upon need, and they and the
devices used to convey them 4o the traveller should fully meet the five basic requirements
of traffic control devices set forth in the MUTCD. '

Several States have enacted, or plan to enact special penalty rates for traffic law
“violations in work zones. For the sake of reasonableness and motorist credibility, the
highway agency should be assured that such regulations are indeed justified on the basis
of normally accepted standards for such determinations and that the traffic control
devices posted to regulate traffic and all other devices in the immediate area fully comply
with the MUTCD and other standards governing their use. Such traffic regulations
should be posted only when the warranting conditions exist.

Traffic Control Devices

Traffic control devices are the signs, barricades, channelizing devices, arrow panels,
signals, pavement marking, lighting devices, and other indicators that are placed along the
highway in advance and within the work area that warn, guide, and regulate traffic
approaching and travelling through the work site. These devices are the means that tell
the driver what to expect and what is expected of him.

Traffic control devices should be used and applied in strict conformance with the
provisions of the MUTCD, paying particular attention to the fundamental principles set
forth in Part VI. Of paramount importance is the maintaining of devices in acceptable
condition at all times, and the adjustment and removal of those devices no longer

needed.
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~ As pointed out by ATSSA in their testimony to the 101st Congress, provisions should
be made in the specifications for the measurement and payment of needed changes,
adjustments, modifications, removal, replacement, and relocation of traffic control devices
within an ongoing project.
Opening the Road to Traffic

As sections of highway projects are opened to receive traffic, all needed devices
should be in place, and unneeded WZTC should be removed. In areas where work
activities remain, during those times no activity is underway and no hazards exist, WZTC
should be removed, cove:ed, or turned to be out of sight.

Opening the road to traffic is an activity that should be undertaken jointly by the
agency’s project engineer and the contractor’s representative.
POSSIBLE SOLUTIONS TO THE PROBLEMS/NEEDED ACTIONS

Below are noted various thoughts and possible solutions and actions that relate to the
concerns noted earlier that will be helpful in providing a more effective WZTC program:

e A clear understanding that safety is #1, public and worker safety.

o Specifications that completely and clearly set forth the project traffic control
requirements.

e Unit pricing for most traffic control items.

e Strict enforcement of the spec requirements.

e Utilizing a traffic control device use and applicatioh matrix. (See below)

o TCP development/monitoring/critique by all affected agencies.

e Team reviews of the project TCP by technical and nontechnical groups.

e Supporting the three ATSSA recommendations.

e Accident data gathering to determine needs.

o Traffic manager on every project.

e Traffi¢c control device pay items for traffic control modifications, changes, etc.

e Training and certification programs for traffic managers.
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Real-time traffic control information/VMS, Traveler’s Advisory Radio (TAR),
public relations.

Law enforcement use in the work zone.
Continuing research--devices and strategies.

Task Force--AASHTO, FHWA, ATSSA, ARTBA, ITE, IACP, others, to discuss
WZTC issues in each State in a similar type symposium.

Traffic Control Device Use and Application Matrix

A matrix of sorts should be developed, perhaps by FHWA, that prov1des guidance for
the selection of the several types of devices to be applied under varying work zone
conditions. The major elements include the following:

Type of highway (class and geometrics).
Speed of trafﬁc.

Type of work activity.

Proximity to traffic.

Duration of work activity.

Relative hazard.

The traffic control device variations would include numbers, sizes, placement, use of
warning lights, type of channelizing device, use of special warning devices, use of VMS,
use of TAR’s, among others.

SUMMARY

The WZTC problems are not insurmountable. Together, we can easily bring about
the needed improvements in work zone traffic operations that will assure our customers,
the travelling public, and our highway workers optimum safety. Through this symposium
and smaller State meetings we can build the basis for a successful nationwide WZTC
program.
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CONTRACTING PROCEDURES -- A SUBCONTRACTOR’S PERSPECTIVE

I. Sharon Fischer
President
Priceless Industries, Inc.

Everyone who has traveled on today’s roads has at some time experienced a delay for
a seemingly interminable period, inching slowly forward, only to find upon arrival at the
construction site a bunch of workers who appear to be doing nothing. When this occurs,
most motorists accuse both the government agency and the contractor for delaying them
for no good reason--a mortal sin for those in a hurry to get somewhere. And while those
of us in the construction business may look around to see the real cause of the‘delay,
even we must admit that all too often the problem is caused by incorrect signing or poor
maintenance.

This is a public relations problem of the first order. It is no wonder that most
motorists don’t even bother to slow down when approaching and passmg through a work
zone. Ultimately, however, the real problem is safety.

A growing number of State and local jurisdictions have learned the importance of
work zone traffic control for the safety of both workers and motorists. Such owners
make safety a common thread running through the entire construction process.

These safety-conscious agencies include safety procedures in the project design and
schedule. They require contractors and subcontractors to meet minimum standards of
safety in order to bid. They make safety a priority for discussion at every construction
meeting. They make sure that safety inspections are conducted regularly and unsafe
operations are corrected immediately. Typically, these owners have contracts which state
that failure to comply with their safety rules and regulations is lmmedlate cause’ for ’
dismissal of the contractor and termination of the contract. '

PREQUALIFICATION OF CONTRACTORS AND SUBCONTRACTORS

One method owners use to assure safety is simply not to do business with unsafe
contractors and subcontractors. A 1982 recommendation from the Business Roundtable’s
Construction Cost Effectiveness project urged owners to "make‘safcty an important
consideration in choosing contractors to bid on projects and review their history of safety
performance."

More and more owners, both in the private and public sectors, are prequalifying
contractors and subcontractors on their safety records. Indeed, some owners claim that
contractors who excel at safety also eclipse their competitors in managing other aspects of
their business; a history of safe operations seems to demonstrate that a contractor also
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has the management skills necessary to control all of the other components of its
operating costs.

An owner’s prequalifications criteria for safety may include:
@ Past safety performance on the owner’s projects.

@ Occupational Safety and Health Administration (OSHA) Occupational Injuries and
Illness Annual Survey Form No. 200.

@ Workers’ compensation experience modification rates.
Past Safety Performance on the Owner’s Projects

Some safety-conscious jurisdictions monitor, evaluate, and record the safety experience
of the contractors and subcontractors on their projects. They may place a safety
evaluation on each contractor and subcontractor in their data bases as a reference for
selection on future projects. Some owners even require that subcontractors be listed in
the bid and retain the right to disqualify the subcontractors if their safety records do not
meet the standards established.

OSHA Form 220

Another method jurisdictions may use to prequalify contractors and subcontractors is
to review their OSHA Form 200’s. OSHA requires that these forms be completed and
posted on each job site in February of each year. A typical safety-conscious owner may
require a recordable injury rate not exceeding 15 per 200,000 man-hours. Other owners
have criteria tied to the lost workday rate.

Workers’ Compensation Experience Modification Rates

Some owners prequalify their contractors and subcontractors through the use of
workers’ compensation experience modification rates. Contractors may be required to
have a low or a trend toward lower workers’ compensation experience modification rates.
For example, an owner may require its contractors and subcontractors to have 1.0 or
lower for the previous year, or the three-year trend must be declining with no single year
exceeding 1.20.

CONTRACTOR REQUIREMENTS FOR CONTRACTORS AND SUBCONTRACTORS
The contract establishes the basic working relationship and conditions between an

agency and its contractors. Clauses establishing minimum safety standards and operating
procedures should be incorporated into the contract. A clause also should be included
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that assures that those safety requirements are passed through to subcontractors. Such
contract clauses may include:

@ Minimum training requirements for supervisory and other personnel.
@ Mandatory tool box talks.
@ Penalties for incorrect signing, poor maintenance, etc.

Training Requirements

Well-trained personnel may be the most important component of work zone safety.
Increasingly, safety-conscious owners require their contractors and subcontractors to
assure that all on-site personnel have received minimum safety training. Indeed, the
Federal Highway Administration’s program manual requires that personnel responsible
for the work zone traffic control be "adequately trained." At least 12 States now require
that contractor supervisory personnel be certified.

In any event, supervisors should be knowledgeable about a broad range of safety
issues, including standards and specifications, the contract requirements, maintenance of
devices in the work zones, supervising for safety, and conducting safety inspections. Every
worker on the job site should be trained in techniques for protecting his safety, his work
mates’ safety, and the safety of motorists.

Mandatory Tool Box Talks

Another way owners assure that job site personnel are safety conscious is to require
contractually regular tool box talks. The first such talk almost always is conducted before
work begins on the project. Subsequent talks may be held weekly or even daily,
depending on the length and complexity of the project. The talks usually are conducted
by a supervisor or a safety specialist.

Penalties

As noted above, State and local governments routinely incorporate in their contracts a
myriad of clauses setting standards for safety in the work zone. These clauses address
basic issues such as preparation of and adherence to a traffic.control plan, enforcement
of proper work zone markings, and maintenance of the work zone. However, an owner
dedicated to safety through work zone traffic control must do more than estabhsh
standards and specifications; it also must enforce those standards

Historically, State and local jurisdictions have done a poor job of enforcement.
Industry groups, such as the American Traffic Safety Services Association, have pushed
for stronger enforcement through penalty and/or reward clauses in contracts.
Increasingly, agencies are listening.
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Most jurisdictions’ contracts state that failure to comply with their safety rules and
regulations is immediate cause for dismissal of the contractor and termination of the
contract. Of course, such dramatic action is not necessary for every violation. But some
enforcement mechanism, perhaps in the form of fines or other penalties, should be
routinely applied when worker or motorist safety is at risk.

OWNER RESPONSIBILITIES

Of course, contracts bind both parties. So State and local jurisdictions ¢oni:ractually
must assume responsibilities for safety in the work zone beyond setting and enforcing
standards. These responsibilities, at a minimum, should include:

@ Coordination with loéal law enforcement officials.
& Auvailability of qualified inspectors.
Coordination with Local Law Enforcement Officials

As part of the government, an agency is in the best possible position to coordinate
with local law enforcement officials.

The fact is that the best way to get motorists to slow down as they enter construction
work zones is to enforce all posted speed limits. For example, the owner should assure
that regular enforceable traffic speed signs are posted, in addition to the construction
signs, where feasible.

To ensure motorist compliance with posted speed limits, the owner should coordinate
with the local law enforcement agency to create visible police presence. Indeed, some
jurisdictions have gone as far as to use off-duty police officers to create that presence.

Qualified Inspectors

One of the most serious enforcement problems faced by owners and contractors is
lack of qualified inspectors. Contractors working in State and local jurisdictions across
the country complain about the inspectors on their job sites. Contractors consistently
demand better trained inspectors who have a thorough knowledge and understanding of
the construction process. Just as contractor and subcontractor personnel on the job site
must be "adequately trained," so should the owner’s personnel. Inspector training should
include not only the "textbook" on traffic control plans, but also experience on a job site.
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SUMMARY

The successful completion of any construction project relies on a team with a
variety of unique and exclusive functions. The members of this team include the owner,
design professionals, the general contractor, subcontractors, sub-subcorntractors, and
suppliers. The conditions under which these team members interact are established
through a network of contracts. While the interests of these team members may
sometimes diverge, safety is a common goal. Each team member is dependent on the
others to achieve this common goal.
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THE USE OF POLICE IN WORK ZONE TRAFFIC CONTROL

Captain Terry W. Conner
Arizona Department of Public Safety

INTRODUCTION

This presentation will focus on the essential need for cooperation and coordination
between construction contractors, engineers, and law enforcement officials at highway
work zones. With an increase in reconstruction-type projects nationally, a similar increase
in work zone crashes mvolvmg injuries and fatalities needs to be given a top priority to
effectively reduce the increasing crash rate and better manage future projects.

Recognition by law enforcement personnel of hazards may lead to a crash within a
work zone, and how to best deal with inattentive or disrespectful driver behavior is an
~ important issue for the police. Enforcement is more effective when a cooperative

relationship between engineering, education, and enforcement can be achieved.

Highway fatalities have begun to slow, or, in some parts of the country, are lower than
previous year totals. Yet fatality and injury crashes in work zones are on the rise
nationally. In 1982, 480 deaths were reported in work zones across America. In 1989,
the figure was 780. While the 1990 figures are not available, it is believed the National
figures will meet or exceed previous records. Action needs to be taken now to
dramatically reduce this trend.

THE POLICE ADMINISTRATOR AND WORK ZONE TRAFFIC CONTROL

The chief police administrator in any jurisdiction must be the first police official who
is convinced of the need for increased work zone attention. If he is not convinced on the
subject, only minimal work can be done and minimal effort can be expended by those in
operational positions. The police administrator will be convinced of the need for
increased interest, I believe, when he becomes acquainted with the accident picture,
especially fatalities, as they increase in work zones.

It appears that in many instances, a tragic highly publicized fatality or two must occur
before administrators see the need for work zone inspection and enforcement by their
officers. It is hoped that more and more we will be able to interest police administrators
before they are faced with these tragic results.

For many years, traffic law enforcement administrators have tackled the traffic law
enforcement problems in their jurisdictions through a method called "Selective Traffic
Enforcement." Manpower is assigned to locations and times of day in response to types
of violations, which are accident causative as indicated by past records. What the crisis in
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work zone accidents calls for is'a "Selective Preventive Patrol" concept. This would direct
police officers to inspect work zones to be certain that signing and design standards are
met in order to control traffic in a safe and expeditious manner. As stated previously,

~ this would call for a high degree of coordination between the police administrator and his
traffic engineering partners. .

~ Some time,ago, Major Tom Milldebrant of the Arizona Department of Public Safety
~ developed an eight-point checklist, which a police administrator, I believe, should use in
developing an effective program to ensure safety in construction zones in his or her -
Junsdxctxon The clght points are as follows:

1. Estabhsh ongomg coordination and communication thh traffic and mamtenance
engineers in his jurisdiction. :

2. Sé_ek invitations to attend preconstruction conferences.

3. Have appropriate operational commanders and supervisors attend preconstruction
and maintenance conferences.

4. Train road officers and supervisors in work zone requirements as specified in local,
State, and national manuals.

5. Require regular day and night patrols of all construction work zones.

6. Establish ongoing liaison between project engineers, construction engmccrs, and
local officers. ,

7.  Establish p;éri,odié command-level inspection of all construction sites to ensure
- adequacy of traffic control devices and traffic control.

8.  Establish procedures by which discrepancies or deviations from the traffic control
plan and/or manual can be reported to appropriate highway officials.

PLANNING

When the police administrator adopts the eight-point plan, either he or some high-
level command officer, can begin a regular planning program in conjunction with highway
officials. It is important to remember that planning is a .time-consuming process, but if
properly done, it will pay big dividends in accident reduction in work zone areas. -

The Manual on Uniform Traffic Control Devices states, "A traffic control plan in
detail appropriate to the complexity of the work project should be prepared and -
understood by all responsible parties before the site is occupied." Any changes in the
traffic control plan should be ‘approved by an official trained in safe traffic control
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- practices and should be coordinated with enforcement officials who are chargcd with
~,enforcmg the traffic regulanons in the work zone. :

Expenence has shown that even in Junsdxctxons where law enforcement administrators

are brought into the planning process, they are quite often brought in as an afterthought
or very late in the process. Experience in Arizona has shown that the earlier police
officers and engineers can begin work on planning at work zone areas, the easier it is for
- both Junschctxons to develop an effecnve pIan and eliminate potcntxal problems when the
plan is implemented.

Timely notification is important to those who attend planning conferences. In the
past, it has not been unusual, at least in my jurisdiction, for enforcement officials to
receive notice of planning meetings and preconstruction conferences either the day of the
conference or a day after they have been held. This is not an example of timely
notification and does not breed cooperation, coordination, or goodwill. '

- It is not enough that planning take place at the headquarters level of both agencies.
Any planning, which is done at that level, must be passed down the chain of command
where it can be unplemented and modified as needed at the operational level of both the
- enforcement and engineering agencies. .

TRAINING . -

- Before proper planning can be done and understood by the parties involved, adequate
training of everyone involved in work zone projects has to be completed. ‘This is
especially important to law enforcement agencies, as in most cases, this is a new area of
concentration. Before. they can properly conduct their activities, the commander,
operational supervisors, and officers must have exposure to work zone: standards, devices,
and techmques

A typ1ca1 trammg progxam for ﬁeld ofﬁcers begms wnh securing copies of the
jurisdiction’s construction traffic control manual. Then, in conjunction with highway
engineers, a meaningful training curriculum can be developed for operational personnel.
Success in this area has been accomplished by using video tapes so that training can be
presented at convenient times that do not cut too deeply mto other operanonal acnvmes

Sufficwnt copies- of the construction trafﬁc control manual should be made avaxlablc
to operational commanders and supervisors so ready. reference can be made when -
problems are discovered in the field. It is important that officers receiving training do
not just receive that training in a classroom situation, but any personnel used for work on
controlled-access facilities should receive formal "hands-on" training in traffic control.
This should entail actual field training in traffic direction and control, an area that has
fallen into great disuse in American law enforcement circles, which needs to be revived.
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It is a particularly tedious process to direct traffic with hand signals. It is essential
that it be properly done when it is required by a law enforcement officer or by anyone
charged with that responsibility. It should not be taken for granted that a law
enforcement officer who has received basic training will be skilled at traffic direction. If
an officer does not show an aptitude for this type of training, if at all possible, he should
not receive this type of assignment.

I do not want to imply that it is only the operational officer in an enforcement agency
who needs to receive training in work zone safety. This kind of training should be
received by upper-level management personnel, especially field commanders, and by the
on-line supervisor and the field officer. It should be appropriate to the job decisions
each individual is required to make. It is important during these training periods to stress
the importance of the work zone, from a safety standpoint, and also from a jurisdictional
liability standpoint. :

A continuing problem that should be stressed in all training exercises is that officers
must watch to be sure that when signs are out, actual construction is going on, and that
when construction ceases and the road is returned to normal, that the construction signs
are removed. This is a particularly vexing problem nationwide and one that when not
followed, breeds disrespect by the motorists for construction and maintenance work zone
areas.

Secretary Skinner has developed a comprehensive compendium to address the
transportation issues and Federal policies to guide America into the next century. In the
area of transportation safety, it is now Federal transportation policy to promote a
cooperative work environment in transportation and ensure that transportation workers
can depend on safety in the work place. Toward that end, cooperation with
transportation companies and others in the private sector, as well as universities and
other educational institutions to develop specialized programs for training programs for
training transportation personnel at all levels is an important step toward creating an
awareness of safety issues and procedures in highway work zones.

INSPECTION

The best planning and training programs will go for naught if adequate inspection is
not done on a regular basis throughout a construction project’s life. It is particularly
important that the police be involved in active inspection because the patrol officer is the
one government official who is on the highways during all climatic conditions, both in
daylight and in dark. He is the one official who can regularly monitor the highway safety
enforcement, particularly in work zones, under all conditions.

A properly trained traffic officer can see that motorists are guided in a clear and
positive manner while approaching and traversing work zones. He can check to see that

52




adequate warning, delineation, and channelization is accomplished to assure that the
motorist will have the guidance he needs in advance and throughout the work zone area.

Work sites need to be carefully monitored under varying traffic conditions, both in
good and bad weather, to ensure that traffic control measures are effectively operating,
that the devices are clean, and, if reflectorized, that they are working up to their design
capability If an accident problem identifies itself, a careful analysis should be made by
both engineers and enforcement officials of the jurisdiction to determine the cause of the
ac01dent and to take corrective action wherever possible.

Enforcement officers should keep track of any skid marks or damaged traffic control
devices that may indicate a need for a change in the traffic control design. Once again,
and it needs repeating, all traffic control devices should be removed when they are no
longer needed. On many high speed, high volume areas, a majority of the work must be
done at night to eliminate as much traffic congestion as possible. This can make for an
extremely hazardous work zone area, and it should be carefully monitored by law
enforcement officers under the varying conditions previously listed. On inspecting work
zone areas, enforcement officers should be alert where civilian flaggers are used to be
sure that the flaggers are devoting all their attention to the job.

One practice that has been noted recently in work zones is that to counteract
boredom, some flaggers have been allowed to wear Walkman-type portable radios. This
is extremely hazardous, not only for motorists traversing construction zones, but also for
workers in the construction zone and the flagger himself. All flaggers and officers
directing traffic in a construction work zone should pay 100 percent attention to their job
and not be distracted by any outside influences.

Officers are uniquely qualified by investigative and report training to bring hazards in
work zone quickly to the attention of those who can take appropriate corrective action.
Several years ago, the Arizona Department of Public Safety developed the following 16-
point inspection guideline for field officers to use in work zone areas, and I would
recommend its continued use to all enforcement officers who are so assigned.

1. Do traffic control devices conform with the Traffic Control Manual?
2. Does traffic flow smoothly and safely?

3.  Are workers safely protected from traffic?

4.  Are provisions for pedestrians adequate?

5. Are equipment, materials, workers, and vehicles kept away from traffic?

6. Is advance warning appropriate to work-in-progress?
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7.  Are design and maintenance of temporary bypass or detours adequate?
8. Is trafﬁc protected from abrupt drop-offs‘7
9. Are temporary pavement markings used effectively?

10. Are old ip,ave.rn,ent stri,ps‘ obliterated?

11.  Are traffic control devices properly positioned, in sound condition, and well
maintained?

12. Are ﬂaggers used as needed and performing well?

13.  Are signs properly reﬂectonzed and readable?

14 Are signs covered or removed when out of use?

15.  Are hazards properly shielded?

16. Are there adeqdate signs and barﬁeades at intersections?

Some earlier comments have been made concerning nighttime operations, and in
addition to those, I would like to stress one or two more points that must, from an
enforcement standpoint, be taken into consideration during nighttime operations.
Inherent problems surrounding nighttime operations are poor lighting of the scene, less
than optimum sign visibility, and inadequate delineation. One of the major failings in
nighttime operations which can also be found in daytime operations, but is aggravated by
nighttime, is the failure of contractors to keep signs properly spaced, properly located
and clean so that they are working at their optimum ability.

An enforcement ofﬁcer can bnng thlS information to the attention of construction
crews and the maintenance foreman as they view these situations while they traverse a
work site. It is important for the people in the engineering discipline not to resent this
kind of information when it is brought to their attention by the enforcement officers.

Another problem which is aggravated by nighttime operation is that unless carefully
monitored, construction and maintenance lighting that helps facilitate the construction or
maintenance effoert may inadvertently blind motorists. Unless regular inspections are
made of the site, this may not be readily apparent.

- Also along the line of lighting, it is a given as far as enforcement officers are
concerned, that by far, the most effective early warning device can be a properly located
and utilized arrow board. However, one thing that should be carefully watched is that
the arrow board does not itself become a hazard by havmg the rheostat set so high that
the lights are blinding to oncoming traffic.
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A design feature which needs to be closely looked at, both day and night, is the use of
tapers. We think it is important for planners to err on the side of longer tappers rather
than shorter tapers, as short tapers can be hazardous themselves, whereas long tapers
usually can give greater opportunity for motorists to merge into the existing lanes.

One of the greatest problems we see in the use of tapers is that there is not sufficient
upstream warning and signing so that motorists can voluntarily léave the highway or
voluntarily begin to merge far upstream from the work zone. In some high-spced
limited- access operanons, we believe that seven miles is not too far to give advanced
warning of an upcoming taper to a work site.

Another consideration, which has been effectively used in many jurisdictions, is the
use of uniformed officers utilizing marked police vehicles at work sites. Police |
administrators should insist that this be done by off-duty officers from the respective
jurisdiction. All costs for both officers and equipment should be borne by the contractor
and billed back to the jurisdiction.

I must hasten to point out, however, that there are some police administrators who
aggressively disagree with this procedure and do not believe that off-duty officers should
be used in construction sites. When this is the case, it is essential to use trained civiliah
flaggers and properly marked and identified vehicles.

The use of police in highly visible locations prior to and throughout work zones can
yield some significant crash-reduction benefits. For example, State troopers in Indiana
working on regular time but reimbursed by Indiana DOT are used only while the
contractor is working. So far, officials have noticed a 16—percent decrease in the number
of crashes with increased enforcement. 2

In Kentucky, contractors received round-the-clock police enforcement during a six-
month project utilizing off-duty officers. No speed-related crashes were reported during
the pro;ect’s entire duration. In Maryland, Virginia, Wlsconsm, and Michigan, similar

experiences have yielded gratifying results.

Over the years, the Arizona Department of Public Safety has found that there needs
to be some efficient way to report highway problems to the Department of
Transportation. To accomplish this, we have developed what we have called the
"Highway Condition Report,” and we urge our officers to use this in work zones, as well
as oh normal stretches of State highway.

This "Highway Condition Report" is made out by a field officer or supervisor and
routed quickly through a modified Department of Public Safety chain of command and
then to the Department of Transportation for action. We find this is a very effective way
to bring requests to the attention of our Department of Transportation. A copy of this
form is included with this paper for those who might be interested in adopting it or a
modified version for their jurisdiction. (See Figure 1.) .
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Human factors, particularly driver behavior, are the largest single cause of accidents
on the Nation’s highways. More than 47,000 people died in 1988 in motor vehicle
crashes. More than 40,000 collisions occurred in work zones alone. Over 700 fatalities
are expected this year in over 30,000 work zones. It is unforgivable for a system that is
intended to provide service to people to be the instrument of so many deaths. We can
and must do more to reduce the death toll on the Nation’s streets and highways.

As the population ages, special measures will have to be taken to maintain traffic
safety and address the special needs of elderly and disabled drivers. Collectively, we
must promote safer designs and maintenance of highways through engineering standards
and signing systems that are more sensitive to the needs and abilities of all drivers--
especially the elderly.

MEDIA CONSIDERATIONS

Having worked as an airborne traffic reporter for a local "all news" format radio
station, I feel strongly that broadcasting trouble spots and delays in work zones during
morning and afternoon drive times can significantly impact traffic patterns. For years,
KTAR Radio in Phoenix used State officers, in cooperation with the Department of
Public Safety, to report trouble spots and deliver safety messages during "drive-times."

Some jurisdictions have also installed temporary FM radio broadcasting stations in a
work area which is going to be in operation for a long time or involves a complicated
work zone operation. It can be done a lot cheaper than one would think. Simply install
a continuous broadcast FM station in the general vicinity of a construction zone,
preferably upstream from the construction zone, and then prominently sign the area
requesting the motorists to turn to that FM station for work zone information.

We have also discovered the benefits of alerting news outlets to highway emergencies
simultaneously from a central control point. Located in the department’s duty office, the
"media alert" system is a direct hotline to almost all electronic and print media in Tucson
and Phoenix. Outlying areas are served by AP and UPL. From this central point, field
commanders call the duty officer from a cellular phone and are routed into the media
alert system. As a full duplex system, the caller can be interrogated for specific
information following a general announcement that in the case of radio can be
transferred to the air in a matter of seconds.

Engineering and law enforcement alike should encourage further technological
advancements in intelligent vehicle highway systems (IVHS), as well as developments that
alert drivers to hazards or congestion, provide alternate routing information, and help
motorists avoid collisions.
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CONCLUSIONS
In closing, let me make three points:

1. Unfortunately, a large number of law enforcement officers and agencies are
ignorant of what is involved in properly planning, inspecting, and enforcing work
site control. It is up to the engineering community to help educate their local
police jurisdiction in this matter, specifically, in familiarizing them with work zone
manuals and bringing to their attention, what authority the police do have and
what kind of problems maintenance and construction work zones can cause the
motoring public and, thereby, the police agency.

2.  After all of the planning and training is completed, there must always be an
alternate plan for routing traffic in the event of a complete closure of one or more
of the segments of highway either under maintenance or construction. To serve
the motoring public properly, both the engineering agency and the enforcement
agency must be flexible in their operations and planning.

3.  With increase in reconstruction of much of the Nations’s infrastructure, a
noteworthy increase in the number of fatalities and crashes occurring in
construction work zones has drawn national attention. A renewed emphasis by law
enforcement and engineering is essential to reverse this alarming trend. Selective
enforcement programs, improved signing, public information, and education
campaigns, and alternative routes are all worthy of consideration. Our safety
initiatives rest on public awareness and approval, education, sound engineering and
operating practices, supplemented by effective enforcement and continuing
research and analysis on the best approaches to meet safety goals. Together, we
can meet the President’s goal of cutting the death rate in traffic crashes to 2.2
fatalities per hundred million miles by 1992 and work to further develop an
awareness and sensitivity toward highway safety nationally.
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NEW CONCEPTS IN WORK ZONE TRAFFIC CONTROL

Robert M. Garrett
Executive Director
American Traffic Safety Services Association

 Over the past 20 years, we have gotten better standardization of devices. We also
“have better enforcement of specifications, but we still have a long way to go. This is a
discussion of new concepts and developments that are changing work zone traffic control.
Many of these and other innovative devices will be on display at the American Traffic
Safety Services Association (ATSSA) 21st Annual Convention and Traffic Expo, being
held January 20-22 in Orlando, which many of you will have the opportunity to attend.

One area of concern is the safety of the driver and the worker. The best way to
protect the workers in the work zone is to separate them completely from the driving
public. In the past 20 years, concrete barrier walls have been developed and are used
extensively. One problem with the heavy barrier walls has been transporting them. One
new development (marketed by Barrier Systems of California) is a transfer vehicle which
easily moves concrete barriers from one lane to another. The vehicle moves at
approximately 5 mi/h which will move approximately 1 mi of concrete barrier in 20
minutes. The T-section end of the concrete barrier section links with another end to
form a chain. The barrier wall sections are lifted by the transfer vehicle and moved from
one lane to the next like a chain.

“A concrete barrier can also present a hazard, especially the blunt ends of the walls.
Three types of attenuators devices have been used to protect the end of the barrier. One
type is sand-filled barrels. Previously these barrels were filled with water; a few
water-filled barrels are used today. A more permanent type of attenuator is the
G-R-E-A-T™ absorption system, which consists of crashable cartridges surrounded by
guardrail. The system absorbs the energy of the crash and protects the driver. If hit on
the side, the G-R-E-A-T™ system redirects the vehicle back onto the travel way. Truck-
mounted attenuators are also being used more extensively to protect the driver from the
end of the concrete barrier. Cells are filled with polyurethane foam, which absorbs the
energy of the crash when a vehicle hits the attenuator.

Another way to separate the worker from the driver is a plastic barrier wall developed
in Europe. This barrier section is used as a delineator device and is usually filled with
- water or sand. When filled with sand or water, each section weighs approximately 33 1b,
which is less than a concrete section. A fence (from Plastic Safety Systems), which does
not replace a barrier, is used for visibility. The fence has highly reflective tape on the
rails, which give good visibility at night.
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Another new barrier system'from England is a drum-type system that nests together.
This is not, however, a positive barrier against a vehicle. A drawback is that a solid wall
of the drums is expensive. Another problem is that if one drum is knocked down, the
rest tumble like dominoes. :

One of the most dangerous jobs on a work site is putting out cones and retrieving
them. This work cannot be done within a barrier wall, and, therefore, new devices, such
~ as cone wheels that provide ‘safe placement and retrieval of cones, are much needed. A
- . cone wheel (from AADCO Manufactunng) automatically places and spaces cones and
retrieves them when the job is finished.

If a worker cannot be placed behind a barrier wall or away from traffic, he or she
must be made more visible. A reflective vest is the most commonly used device. Some
Europeans and Canadians wear complete uniforms with reflective strips, which makes the
wearer highly visible to oncoming traffic. Many jurisdictions mandate the use of reﬂecuve
uniforms for firemen, but not for construction workers yet.. :

Besides separating the worker from the drivers, another new concept in work zone
traffic control is "forgiving" devices. Historically barricades have been made of angle-iron
legs and plywood boards. These have been effective and recognizable, however, when
struck, the barricade harmed the vehicle, and the flying debris harmed workers nearby.
One new concept is an all-plastic barricade (from Best Barricade of Chicago), but these
are expensive.

Channelizers or plastic drums have been used frequently. At first, there were
problems when the drums were struck and the battery for the flashing light flew off and
become a missile. Now there are better attachments between the battery and drum, and
a flying battery is not as much of a problem.

Another new alternative (from Flasher Handling of Buffalo, New York) is a 36-in x
12-in vertical panel, which is attached to a vertical shaft. The flashing lens is attached to
the top of the shaft, and a wire, attached to the lens, runs down the shaft to the battery
at the base, which also weighs down the stand.

One type of barricade used in Europe (and now distributed by WLI Industries of
Chicago) is an all-plastic barricade with the battery attached to the bottom. The
barricade is hinged on the bottom; therefore, when struck, the barricade’s striped panel
bends over, and the vehicle drives over the barricade instead of through it.

One area of concern in work zone traffic control is energy conservation. Solar- - -
powered control boards are beginning to be used with solar panels either on the bottom
or the top. In the next few years there will not be as many diesel-powered arrow boards.
Technology has advanced so that solar power can be used effectively in States other than
Arizona and Florida. Solar-powered portable sign trailers (distributed by Renco, Inc.) are
also beginning to be used.
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... Portable signals have been around for a while, yet recently this control device has

. .been improved. The portable signals now meet Part VI of the Manual on Uniform
Traffic Control Devices. They can be equipped with dual heads and can use diesel power

and AC power. They can also operate with loops or timed signals.

- Pavement makers have also had new dcvelopments for work zone traffic control. One
- such development (from Davidson Plastics) is a temporary marker for chip and seal -

. operations. These markers can be placed down and then can be chipped and sealed over.
A slip cover is removed from the marker, which provides delineation after the completion
of the chip and seal operation.

There still are many problems in work zone traffic control. No matter how much has
been developed technologically, there is still the problem of educating the public, the
.. worker, and the contractor. There are good standards, but if they are not enforced and if
. contractors aren’t forced to use standard devices, there cannot be a safe, effective work
zone. All the technology in the world will not get the contractor to put out standard
devices, unless there is good enforcement.
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WARRANTS AND PROPER DEPLOYMENT OF
FLASHING ARROW PANELS

Joseph J. Lasek, P.E.
Chief, Technical Development Branch
Federal Highway Administration

Borrowing from the old cliche, "It’s the greatest thing since sliced bread," the flashing
arrow panel was the sliced bread of work zone traffic control devices when it was
introduced in work zones in the early 1970’s. It had an immediate impact on managing
traffic flow through work zones.

It is easy to understand why it had such an impact because the arrow panel has all the
desirable features of a good traffic control device. It has great conspicuity (bright flashing
lights), early recognition (good long-distance visibility), and easy message understanding
(simple design conveys single message).

However, as good as the basic device is, there have been and continue to be some
problems in its use. Some of the early problems were a lack of uniformity in the design
of the arrow panels and an attempt to use them for all types of work zone situations.
Other problems, then and now, are poor location of the arrow panel, inadequate sight
distance being provided, and improper application. .

BACKGROUND

One of the early efforts to establish objective national criteria for arrow panel
placement and operation in work zones was a Federal Highway Administration (FHWA)
sponsored research project. A final report on the research was published in early 1979
and was titled, "Guidelines for the Application of Arrow Boards in Work Zones." The
report findings were significant and influenced subsequent national guidance. Some of
the key findings were:

@ Arrow panels were effective in lane closure work zones because they promoted
earlier merging into the open lane.

e The arrow panel was more effective when it was placed on the shoulder of the
roadway near the start of the lane closure taper.

@ Arrow panels were not found to be generally effective in traffic diversions, traffic
splits, or for moving shoulder closures.

@ The flashing arrow is the most effective mode for conveying its message.
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The sequential-chevron mode is also effective and generally superior to the
sequential-arrow or sequential-stem modes.

As a result of this research and other individual State research projects, guidance on
the design and use of flashing arrow panels was initially included in the FHWA’s 1983

Traffic Control Devices Handbook (TCDH). The TCDH is a guide only and does not
establish FHWA policies or standards.

Subsequently, much of the same information was approved as standards for arrow
panels and was added as a revision in March 1986 to the 1978 Manual on Uniform
- Traffic Control Devices (MUTCD). The same standards and application mformauon was
included in the 1988 revised MUTCD.

A key point that the 1988 MUTCD makes, which is sometimes overlooked by work

zone traffic control plan designers, is that the arrow panel is intended to supplement
other standard traffic control devices. It will not solve difficult traffic operational -~ ~ -

problems by itself.

Before continuing, the reader is reminded that Part VI of the MUTCD dealing with |
traffic controls for street and highway construction, maintenance, and utility operations is-
in the rulemaking process for revisions. Some of the proposed changes involve the
application of arrow panels. The remainder of this presentation will focus on the
MUTCD design requn:cments and applicable uses for arrow panels including proposed
additions and proposed revisions. Unfortunately, it is too early in the rulemaking process
to identify what the final changes will be.

ARROW PANEL DESIGN REQUIREMENTS
Minimum legibility distance requirements will continue to be specified in the MUTCD»
as shown in Table 1. There will also be narrative to provide guidance as to each panel
type’s applicability for use.
Table 1. Minimum Legibility Distance

Panel Minimum Min, Legibility = Min. Number

Type Size (In)  Distance (Mi)  of Elements
A 48 by 24 112 12
B 60 by 30 3/4 13
C 96 by 48 1 15
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Note the use of elements in' lieu of lamps in Table 1. ‘Because some manufacturers
are producing arrow panels using flipping disk technology, it is necessary to avoid
specifying lamps only.

Besxdes physmal size, arrow panels should have the followmg physmal attnbutes

e An arrow panel shall be rectangular of sohd constructlon and ﬁmshed with
nonreflective flat black. The panel shall be mounted on a vehicle, trailer, or other
_ suitable support. Remote controls should be prowded for the panel if vehicle
mounted. cLn : :

@ The minimum mountmg helght should be 7 ft from the roadway to the bottom of .
the panel, except vehicle-mounted panels should be as thh as pracncal

As w1th other s:gns, the 7 ft minimum height i is to ach1eve maximum ws1b1hty, even
over vehicles driving ahead of you. :

Although minimum size and mounting height are specified to achieve legibility
distances, it is equally important for work site personnel to exercise care in the vertical
and horizontal alignment of the arrow panel and its location along the roadway to assure
that the maximum effectiveness of the arrow panel is obtained.. The goal is to make the
panel visible from as far away as possible and keep its v1s1b111ty as the driver approaches
the work area. , |

Operational design requirements of arrow panels remain essentially the same as
identified in the current MUTCD with some slight exception. The panel elements are to
present yellow color, and the arrow flashing rate shall not be less than 25 or more than
40 flashes per minute. Also, the minimum "on time" of the lamps shall be 50 percent for
the flashing arrow mode and 25 percent for the sequential chevron mode. These
minimums provide the -best recognition factor. ' A very important requirement is ail types
of arrow panels must be capable of at least 50 percent- dimming from their rated lamp
voltage when lamps are used in the panel. Full voltage is needed for daytime visibility -
and reduced voltage for nighttime use to reduce glare.

Unfortunately, the dimming of panels at night is often neglected. The bright light and
glare produces temporary loss of night vision, often at the critical point where the driver
is entering the actual work zone and clearances may be reduced. Although some arrow
panels may have manual dimming controls, it’s clearly better to have the dimmer
operated by a photocell. The lamps are' automatically dimmed appropriately as the
photocell system senses the reduced ambient light. ThlS overcomes forgetting to dim
manually the arrow panel each night. :

Finally, the arrow panel should have:the following selections of operating mode:

e Left or right flashing arrow, or
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o Left or right sequential-arrow, or
e Left or right sequential-chevron,
® Double flashing arrows, and

e Caution mode.

These modes are shown in Figure 1.

It should be noted that the design for the caution mode is being proposed for four
elements only, with one in each corner of the panel. Currently, the arrow stem without
the arrow head is considered an acceptable pattern for the caution mode. The four
corner pattern is more definite as to intent. The stem pattern is sometimes interpreted
as a malfunctioning arrow, and unnecessary lane changing may occur.

Also, it should be noted the L or R sequential arrow mode consists of several
arrowheads that flash in a series directing traffic to the right or left. Some
manufacturers’ arrow panels use a sequential arrow that consists of elongating the stem
with the arrowhead only being illuminated on the last part of the senes That is not a
correct sequential arrow.

POWER SOURCES

Relative to the arrow panel equipment, there are about 13 manufacturers producing
arrow panels. It appears most, if not all, are in good compliance with the MUTCD
minimum design requirements. However, one item the MUTCD does not have any
standards for is the power supply for the arrow panels. Available power supplies include
diesel, gasoline, solar, and batteries. Diesel generators are the most commonly used
_power supply, and many of the manufacturers provide the various power sources as
alternatives. Most of the State transportation agcncies have specifications requiring self-
contained power supplies that are capable of running arrow panels for a desxgnated
length of time, such as 72 hours.

Because arrow panels are exposed to traffic, collisions are possible. Because diesel
fuel or batteries present a lesser fire hazard than gasoline in an accident, gasoline-
powered generators should be avoided whenever possible.

There are a limited number of companies currently producing solar-powered arrow
panels, but their use is becoming more widespread. Solar collectors mounted on the
trailer charge batteries that power the panel lamps. However, there should be enough
batteries to power the lamp during periods when little sunlight can be collected. It is
important to position the collection panels to catch the maximum amount of sunlight, but
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Mode la

Mode 1b

Mode lc

Mode 2

Mode 3

PANEL DISPLAY
OPERATING MODES

FLASH]NG ARROW

SEQUENTIAL ARROW

SEQUENTIAL CHEVRON

FLASHING CAUTION

FLASHING DOUBLE ARROW

Figure 1 - Flashing arrow panel operating modes.
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not to the detriment of aligning the arrow panel for maximum visibility. Fully charged
batteries can run an arrow panel for weeks, depending on ambient temperature. '

Vehicle-mounted panels are usually designed to run off the vehicle’s battery system
and do not require their own power supply.

ARROW PANEL APPLICATION

Next, let’s look at the desirable applications and placement of arrow panels. As
identified by the research previously mentioned, lane closures are the single most suitable
application. The arrow panel, when in an arrow mode, conveys to the driver the
overriding message "lane closed ahead." Supporting that message, a revision in the
wording of the MUTCD is being proposed. It will require that arrow panels displaying
the arrow or chevron mode will be used only for stationary or moving lane closures.

A critical exception to use of arrow panels for lane closures, however, is on a two-
lane, two-way road. Obviously, if you use an arrow panel to close one lane on a two-lane
roadway, there is the risk of guiding drivers into the path of oncoming traffic. For this
situation, the use of flag persons or portable traffic signals is necessary to safely alternate
the traffic flow on the remaining single lane. Arrow panels are pnmanly suited for use
on multilane roadways!

Given that the most effective use for an arrow panel is for a closed-lane situation on a
multilane roadway, the best location to place the arrow panel is at the beginning of the
taper of the channelizing devices--on the shoulder. This assumes sufficient width of the
shoulder. If a narrow shoulder or no-shoulder condition exits, then the next best location
is behind the taper of channelizing devices in the closed lane, but as near the start of the
taper as possible. The objective is to maintain a good line of sight, but to keep the panel
from becoming a hazard to the motorists.

Figure 2 shows the most typical application of arrow panels on a frequently used
traffic control setup. The right or outside shoulder lane is closed, and the work zone is
protected by traffic barriers. This would be applicable for a longer duration work zone.
Please note the use of channelizing devices to establish the taper of L length, in lieu of
using the barrier to establish the taper. It has sometimes been the practice to use
temporary concrete barriers with delineation to develop the taper. Invariably, the
downstream barrier where the taper ends and the tangent section protecting the work
zone begins is heavily covered with tire marks. The frequent striking of it indicates the
problem drivers have with the visibility of this point.

If this was a short duration work site and no barrier was provided, the emphasis would

be to use a shadow vehicle to protect the work site and use a vehicle-mounted arrow
panel at that location.
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Figure 2 - Outside lane closure with barrier.
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Figure 3 shows a typical traffic control plan for a left lane closed on an undivided
four-lane facility. An adjacent lane is closed to provide access and working space. Under
this situation, a shoulder is not available and the arrow panel must be located behind the
channelizing taper near its beginning. The arrow panels for both directions are aligned
with the closed-lane traffic, and the message to vacate that lane is clearly given.

The next application shown in Figure 4 involves closing two lanes of three or more
directional lanes. The two right lane closures require initial closing of the outside lane
with a standard L length taper. Then traffic is allowed to normalize over 2L length with
channelizing devices keeping the right lane closed. A second taper of L length is used to
close off the second lane. The first closure is achieved using an arrow panel and its
standard location. Note the second lane closure in this example is achieved by using a
vehicle-mounted arrow panel, with the vehicle located to protect the work zone.
Currently, this is an "optional" arrow panel.

Proposed revision to the MUTCD (Part VI) will require an arrow panel to be located
in each additional closed lane after the first lane closure. In this example, a 2-second
arrow panel would be located in the second closed lane behind the taper of channelizing
devices. Preferably, it should be near the start of the taper.

The next application, Figure 5, shows a traffic control plan for the most difficult lane
closure situation to handle from a safety viewpoint. That is the center lane closure for a
three-directional lane facility. A number of traffic control variations have been tried
through the years to identify a best solution for this problem. As of late 1988, the
FHWA instructed their field offices to use a single right arrow panel to close the left
(median) lane and eliminate the double flashing arrow panel located in the middle closed
lane.

L Th _,currcnt proposal is to use both arrow panels, and the second arrow panel is the

: Iéey one. There is a difference of opinion among highway engineers on this matter
because of possible confusion caused by seeing two flashing arrows or chevrons pointing
in the opposite direction. This can be the case for curvmg road ahgnment and
foreshortening due to vertical grades. At this point in time, this is an unsettled issue.

, Note the first arrow is for the lane closure, while the second arrow is g1v1ng the

- message "traffic splits." It does reinforce the message of the standard warning "double
arrow" sign located at the nose of the split. A more descriptive informational sign using a
symbolic warning sign showing the left lane shifting left and the right lane continuing
through is being considered. If accepted, it would replace the "center lane closed ahead"

sign.
If the flashing double arrow panel is adopted for use in this situation, it should be
fully centered in the closed lane behind the tapered channelizing devices. This means the

arrow panel would be at least three-quarters of way downstream from the start of the
left-shift taper. See Figure 6.
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The final typical application involves the work zone bypass creating a two-lane, two-
way operation on a normally four-lane divided facility. See Figure 7. This situation also
produces some disagreement on the use of a third arrow panel to shift the bypass traffic
back across the median to its original side of the roadway. There is no disagreement in
the use of the two arrow panels (one for each direction) for developing the lane closures.

The third arrow is currently allowed as an option in the MUTCD. However, in
keeping with the concept that arrows should be used for lane closures only, proposed
'word changes in Part VI would prohibit the use of the third arrow panel. |

As the revised Part VI of the MUTCD goes through its final deliberations and
rulemaking, there may be further changes made in the material presented in this paper,
especially concerning arrow panel applications. Therefore, the reader is cautioned to stay
informed of the official changes to Part V1 as they occur and revise pending traffic
control plans accordingly. :

Like any other traffic control device, especially in work zones, arrow panels need
periodic attention. Generators need oil changes, lamps and lenses need replacement and
cleaning, and dimming controls need to be checked for malfunctions, etc. - Considering
the unpact on traffic by arrow panels and the cost invested in mstallmg an'ow pancls,
there is no reason to settle for less than 100 percent effcctlveness when in use.
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CURRENT PRACTICES IN THE USE OF
STEADY-BURN WARNING LIGHTS

. Gerhart F. King, P.E.
Manager, Transportation & Safety Engineering Projects
KLD Associates, Inc.

INTRODUCTION

It has long been recognized that enhancement of the visibility and conspicuity of
traffic control devices is one of the most effective tools available to the engineer. Given
the absence of fixed ambient lighting at many locations where work on, or adjacent to,
the travelled way is necessary, it was recognized early that one method of increasing both
visibility and conspicuity was the installation of small, self-contained illuminating units in
conjunction with individual traffic control devices, including signs as well as barricades
and other channelization devices.

In the beginning, open flame torches, using liquid fuel, were used for this purpose.
Recognition of the hazard and maintenance problems associated with such devices,
together with advances in battery technology, soon led to the replacement of open flame
devices by battery-powered warning lights. In recent years, however, a trend opposed to
the use of these lights has developed for a number of reasons. These reasons include:

e A high incidence of theft and vandalism of warning lights.

o The high cost, both labor and material, of regular battery replacement.
o The fear that these devices might act as projectiles in case of a collision.
o The introduction of muéh brighter retroreflective materials.

o The replacement, in many cases, of cones and barricades with barrels or drums
with a much larger exposed area.

e The increased use of high impact advanced warning devices, including flashing
arrow boards.

On the other hand the increased involvement of older drivers, with reduced visual and
sometimes cognitive facilities in the traffic stream has increased the need for highly
conspicuous and visible work zone traffic control. Furthermore, the shift from new
construction to the reconstruction and maintenance of the existing highway system has
greatly increased the frequency with which such devices must be deployed.
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In order to resolve this controversy and in order to define the proper role of Type C
steady-burn warning lights in work zone traffic control, including maintenance
requirements, the American Traffic Safety Association (ATSSA) is sponsoring a
multifaceted study of all aspects of the use of these devices. The study is designed to
complement the existing state of the art so as to:

e Delineate the comparative advantages and disadvantages of steady-burn warning
lights and of competing delineation enhancement devices.

o Establish guidelines for the use and operation of steady-burn warning lights.

The present paper reports on one portion of this study: the salient aspects of a_
survey designed to define current usage patterns of steady-burn warning lights and
problems associated with the use of these devices.

PREPARATION AND DISTRIBUTION OF THE SURVEY INSTRUMENT

The basic survey instrument was designed to elicit information from public agencies in
the United States. A slightly modified version of this survey instrument, deleting
references to specific sections of the US MUTCD, was used for Canadian agencies. A
third version of the survey instrument was distributed to a sample of ATSSA members
engaged in the rental, installation, and maintenance of warning lights. The survey forms
were distributed to State, county, and city highway engineering organizations; to toll
agencies; and to traffic control contractors.

The distribution of the survey forms, as well as the number of replies received in each
category, is shown in Table 1. An intensive follow-up effort, using both mail and
telephone, concentrated on those US states which had not responded to the original
mailing.

Canadian replies indicated general nonuse of these devices in Canada. Replies from
cities, counties, toll, and other agencies were too scattered to allow for meaningful

analysis. The remainder of this paper will, therefore, concentrate on US practices as
reported by State highway agencies and traffic control contractors.

USE OF TYPE C WARNING LIGHTS

Use of Type C warning lights in highway work zones falls into one of four distinct
patterns as follows:

(1)  States which generally use these devices in work zones.
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Table 1. Distribution of Survey Forms

| No. Mailed Out No. Returned  Pet. Returned
UNITED STATES = med  Pet. Returned

- States 52 47 904
Cities 25 8 32.0
Counties 25 3 12.0
Toll Facilities 48 16 33.3
Other 3 0 00
Sub-Total: _ W , .
US Public Agencies 153 74 48.4
Industry 60 33 550
Sub-Total: US o \ 213 ' 107 50.2
CANADA
Provinces & ,
Territories 11 4 364
Cities 15 7 46.7
‘ Toll Facilities - _4 0 00
Sub-Total: Canada ‘ 30 A1 - 36.7
TOTAL ‘ 243 ’ 118 48.6

(2) States which sometimes use these devices, but only for defined geometric, traft‘ic,
environmental, or work zone conditions Qr states which leave the use or nonuse of
- these devices up to the individual district or division offices or states in which the
use or nonuse is determined on a project specific basis by the design engineer, ‘the
resxdent engineer, or the perfonmng contractor.

(3)  States which rarely use Type C warning lights or States in which these devices are
- not used by the State highway agency but are used by major, political subdivisions.

(4)  States in which these devices are not used.
Figure 1 is an outline map of the United States showing this usage pattern based on
survey responses received from State highway agencies. Using Federal Highway

Administration (FHWA) data on highway extend and usage, totals for each usage
patterns can be computed as follows:
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Usage Pattern States Arterial Miles Arterial VMT (x10°)

1 No. 23 92,659 488,661
Pct. 442 50.2 46.9

2 No. | 11 34,957 150,799
Pct. 21.2 18.9 14.5

3 No. 5 26,753 239,305

’ Pct. 9.6 14.5 23.0

4 No. 8 14,299 69,102

| Pct. 159 1.7 6.4

No Data  No. 5 15,838 96,614
Pct. 9.6 8.6 9.3

Insofar as the five states which did not reply to the survey are concerned, information
furnished by local traffic control contractors indicate the following:

State Usage Pattern
Florida 1

Indiana No Data
Louisiana 1

Nevada 2

Utah 1

The distribution of usage patterns, by both Census Regions and Divisions indicates
some geographical diversity. Usage patterns 1 or 2 are reported by 10 of 11 Midwestern
States (91%), 14 of 17 Southern States (82%) and 10 of 13 Western States (77%) but
only by 4 of 9 Eastern States (44%). Four of the six New England States report never

using Type C lights.

Jurisdictions in categories 2 and 3 generally restrict the use of Type C lights to one or
more of the following specific conditions:

e Taper sections.
o Lane closures.
° Curvcd alignment,
e Shoulder drop-offs.

e Locations where the channelization device (e.g., barricade or drum) does not lie in
the normal headlight beam of an approaching vehicle.
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A number of jurisdictions have no fixed criteria for the use of Type C lights but leave
the decision to the district or regional engineer on a project specific basis. In some
instances, construction plans and specifications leave the use of Type C lights up to the
contractors.

Question 2 of the survey inquired about the type of channelization device with which
Type C lights are used. Responses to this question are summarized below for those
jurisdictions reporting usage patterns 1 or 2.

No. of States

Channelization Device Using Not Using No Response
Barricades No. 30 4 4
- . Pct. 78.9 10.5 10.5
Drums No. 31 3 4
Pct. 81.6 7.9 10.5
Cones No. 0 32 6
v Pct. 0.0 84.2 15.8
Vertical Panels No. 17 16 5
' Pct. 44.7 42.1 13.2
Portable Barriers No. 20 13 5
Pct. 52.6 342 13.2

It is easy to see that Type C lights are more likely to be used with barricades or
drums than with vertical panels or portable barriers. It is also interesting to note that no
jurisdiction reported using the lights with cones, even though adapters for such use are
commercially available. It should be pointed out, however, that a response of "no use" or
"no response” could indicate that either Type C lights were not used with a specific
channelization device or that the specific channelization device was not used by the
jurisdiction reporting. Only a very small number of jurisdictions explicitly reported on the
nonuse of specific channelization devices.

OPERATIONS AND MAINTENANCE

Because warning lights are subject to accidental damage, theft, vandalism, and battery
and bulb failure, frequent inspection of these devices followed by replacement or repair,
as needed, is a prerequisite for the safe and efficient operation of highway work zones.
Responses to a question on inspection and maintenance intervals yielded the following
responses for the 34 jurisdictions with usage patterns 1 or 2. '
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e Thirteen jurisdictions specifically require daily inspection.

o Fourteen jurisdictions require "periodic" or "as needed" inspection or leave the
inspection interval up to the discretion of the resident engineer.

e Two jurisdictions have no specified inspection or maintenance requirement.
o Two jurisdictions require weekly inspections.

e Two jurisdictions specify inspection intervals of more than one week. One of
these requires weekly inspections for "urban, high volume" roads.

e One jurisdiction requires that 3000 ft-visibility be maintained but specifies no
inspection or maintenance interval.

These requirements may be explicitly stated on the plans or in project special
provisions, or they may be referred to implicitly as part of the State’s general specification
or MUTCD. A companion question concerning contractor’s adherence to these
requirements yielded the following responses from those states which reported usage
patterns 1 or 2:

Response States
Meet requirements 13
Mostly meet requirements 17
Sometimes meet requirements 1
Varies 1
Very often do not meet rcqmrcments 5
Do not meet requirements 4
No response 3

A number of States reported better adherence to inspection and maintenance
requirements by specialized traffic control subcontractors than by general contractors who
do their own traffic control work. The discrepancy between requirements and actual
practice may be due, at least partially, to ignorance or misinterpretation of applicable
requirements by the installing contractors. Table 2 contrasts State requirements for
inspection and maintenance, as taken from State responscs, with the interpretation of
these requirements by ATSSA member engaged in work zone trafﬁc control for 21 States
for which both types of data are available.

In nearly every instance, Type C warning lights are furnished and maintained by the
contractor and paid for on a per light, per day, or per month basis. In some cases,
especially when the use of these devices is at the contractor’s option, no separate
payment is made, and the cost is absorbed in a lump sum item for traffic control.
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State
Alaské
Arizona
Colorado

Delaware
Georgia

Hawaii
Idaho

Illinois

Iowa

Maryland

Massachusetts
Michigan
Minnesota

Nebraska
Ohio

Oklahoma

Pennsylvania

South Dakota
Texas

Virginia

Wisconsin.

State Requirement

Daily

Periodically

Daily

25-30 day interval

Regular inspections--
Replacement with
5-10% outages

Daily

As directed by the

- engineer

To be repaired
within 12 hours
after notification

by engineer

Inspect daily, repair
as needed

Maintained as needed.

"Try" to inspect
daily
2 weeks

Weekly
Daily

As needed
As necessary

Visible at 3000 ft
At least once a day

Daily

Monthly. Weekly for
urban, high volume
roads

Periodically

Daily
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Table 2. Inspection and Maintenance Requirements

At least daily

Once a week ,,
No policy--up to resident engineer
No policy

Maintain to be visible at 3000 ft

Keep in working order
No definite requirement

Service after notification -
No time requirements -

Serviced and inspected on a two-
week basis ,
90% working. Must maintain 3000-
ft visibility.

10% out not in series

Discretion of resident engineer.

No formal procedure

Weekly

Daily

Weekly

No specific requirement--

Up to inspector

Daily inspection

(1) No state policy, company
policy is weekly check

(2) Every two weeks

When they don’t work anymore

No formal inspection procedure.

No requirements. Lights must work
or not be paid.

Lights should work but no particular
inspection procedure




Data from 35 i'nduStry responses show that daily rental costs average $0.42 per unit;
average battery life is approximately 18 days; and that battery costs contribute
approximately 36 percent of the daily rental costs. A large proportion of the remainder
of the daily rental cost is due to the need to replace units due to accidental damage
theft, or vandalism. Responses to a question, on the industry survey concerning the
percentage of units lost each year due to these causes show the following, based on 34
separate replies:

Mean 32 percent
Standard Deviation 30 percent
- Coefficient of Variation  0.94 '

As can be inferred from the relatively high value of the Coefficient of Variation, the
replies covered a considerable range with a minimum of 3 percent and a maximum of
“more than 100%". No geographical pattern that would explain this spread of responses
could be discerned. In fact, one traffic control contractor who submitted separate
responses for ‘three district offices in the same State showed annual loss rates of 2, 25 and
50 percent. It should also be noted that a number of respondents commented that loss
rates for Type C Warning Lights, which are predominantly used on limited access
facilities, were lower than those for Type A (flashing) hghts, whxch are more likely to be
used on urban artenals

‘The survey of State agencies included a question concerning operational problems
encountered in the use of Class C steady-burning lights. Such problems, including
vandalism, collision damage loss of alignment, and other problems, were reported by 84
percent of those agencxes which had usage patterns one or two.

Usage Pattern
1 (Alwa 2 (Sometimes)

Reported Problems 20 6
No Reported Problems 2 3
No Response 1 2

Several States reported considerable differences in the frequency of operational

- problems as a function of geographical area within the State, abutting land use, or
highway functional classification. In the latter case, vandalism and theft frequency was
generally lower on high-speed, limited access facilities.

'MUTCD ISSUES

Three questions addressed, respectively, the adequacy of provisions, in the Manual of
Uniform Traffic Control Devices (MUTCD) covering the use of Class C warning lights,
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the need for specific changes in these provisions, and differences between State and
Federal MUTCD. .

Insofar as the adequacy of current MUTCD provisions is concemed, the responses
reviewed were as follows:

Adequate 28 v59.6% |
Not Adequate 7 14.9%
No Response 12 255%

Reasons for inadequacy, when given, generally dealt with clarity, a lack of firm
guldehnes and the need for standard drawings.

Sixteen of the 33 (48%) responses to the s'pe’cific question believed that changes in
the MUTCD should be made. In these responses also the changes requested were
mostly for more specific application guidelines or for the explicit mention of alternate
treatments, such as high intensity reflective sheeting.

Twenty-four respondents indicated that their State MUTCD did not differ from the
Federal version in its treatment of Class C warning lights or that the State had adopted
the Federal version. Twelve respondents indicated that there was a difference, and
eleven did not respond to that question. Differences cited usually indicated that the State
versions were more comprehensive, more restrictive, or more definitive.

The MUTCD requires (section 6E-5) that all warning lights shall conform to the
requirements of the current ITE Purchase Specifications for these devices. These
specifications cover mechanical and electrical details, as well as light output. A further
requirement is that Type C steady-burn lights should be visible on a clear night from a
distance of 3000 ft.

A question concerning the general adequacy and'applicability of the ITE specifications
yielded the following responses:

Adequate and Appropriate 25 (53.2%)
Inadequate or Inappropriate 1 (21%)
Not Familiar o 5(10.6%)
No Answer . 14 (34.0%)

One response stated that that particular State had removed all references to the ITE
specifications from the State’s version of the MUTCD. Another response asserted that
maintained performance, in accordance to ITE spcclﬁcatlons, was not feasible.

Insofar as a question on the mtensny requiremcnts of the ITE specifications is
concerned, responses were as follows:
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About Right 28 (59.6%)

Too Low ‘ ' 4 (8.5%)
Too High 0 (0.0%)
No Answer | 14 (31.9%)

One respondent answered that the requirements appeared to be about right but that
more research was needed. Another stated that these requirements could neither be
monitored nor maintained. It should also be noted that two respondents who indicated
their unfamiliarity with the ITE specifications nevertheless indicated their opinion that
these requirements were "about right".

A set of parallel questions, on the industry survey, referred to the 3000-ft visibility
requirements of the MUTCD. The first of these questions referred to the respondents
specific jurisdiction use of the 3000-ft requirement and elicited the following responses:

- 3000-ft requirement used 24
3000-ft requirement not used 9
No response 7

It should be pointed out that in at least three instances, the replies to this Question
from mdustry sources contradicted, directly or implicitly, similar mformatxon supplied in
response to the survey of State agencies.

The second question dealt with the perceived adequacy of the 3000-ft requirement
and received the following responses:

Adequate 30
Not Adequate 5
No response 5

Only one respondent indicated that a shorter recognition distance, specifically 2000 ft,
might be sufficient.

SUMMARY AND CONCLUSIONS

Based on the responses received, the following conclusions concerning current usage
patterns of Type C steady-burn lights in the United States can be stated:

® About three quarters of all the States generally or sometimes use steady-burn
lights in highway work zones.

o These States, collectively, have 77.3 percent of all US arterial highway mileage and
69.8 percent of all arterial VMT.
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o ® The use of steady-burn warning lights is highest in the Midwestern States and
lowest in the Eastern US.

e Steady-burn warning lights are most likely to be used in conjunction with drums
and barricades and less likely to be used with other channelization devices.

e Inspection requirements vary widely with only about one-third of the States using
these devices explicitly requiring daily inspections.

o Less than 65 percent of the States using these devices report that contractors
"generally" or "mostly" meet inspection and maintenance requirements.

o Traffic control contractors do not always interpret State inspection and
maintenance requirements correctly.

o Theft and vandalism are serious problems, but their impact is highly variable.

e Almost 85 percent of all using States report some operational problems in the use
of these devices.

o Eighty percent of the responding States believe that current MUTCD
requirements are adequate; almost 50 percent, however. believe that changes in
- the MUTCD should be made. o

o Eighty percent of the respondents believe that the ITE specifications are adequate
and appropriate.
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INTRODUCTION

The hazardous nature of construction and maintenance work zones on and along
streets and highways has been recognized for many years. Unfortunately, knowledge all
too frequently is not translated into action; when it is, the time required for transition
and implementation of newly developed procedures is sometimes lengthy. Only in recent
~ years, for example, have we seen 1mplementat10n of many of the principles set forth in

the 1967 AASHTO publication Highway Design erati Practices Related to
Highway Safety ), frequently referred to as the 1967 Yellow Book. Specifically, that
document stated that the use of traffic control plans; improvements in signing,
channelization and pavement markmgs, portable barriers; better training of flaggers;
arrow panels; changeable message signs; and improved construction scheduling can all
combine to produce safer work zones.

During the late 1970°s, work zone safety was considered an emphasis area by the
Federal Highway Administration (FHWA). The impetus for this emphasis largely
resulted from a fatal January 1975 work zone accident on the I-495 beltway around
Washington, D.C. and subsequent legal action involving the FHWA and other
' governmental agencies. Research activity into the identification of work zone safety
problems, with recommendations for specific research to address those safety problems,
was completed in 1979. @ Extensive changes were incorporated into Part VI of the 1978
Manual on Uniform Traffic Control Devices (MUTCD) ©, many reflecting the principles
set forth in the 1967 Yellow Book. ® Even further changes are noted in the 1989
MUTCD, @

To improve work zone accident statistics, both in magnitude and cost, agencies have
promoted work zone safety in a variety of ways. Extensive training programs have been
undertaken by many States. Training in work zone safety is also offered by the American
Traffic Safety Services Association (ATSSA), the Institute of Transportation Engineers
(ITE), the National Highway Institute (NHI), and others.

In addition to training, the use of more extensive traffic control plans and the

upgrading of traffic control devices have both improved and emphasized the need for
better work zone traffic controls.
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HISTORY OF TRUCK-MOUNTED ATTENUATORS

During the 1950’s, highway agencies became aware of the large number of fixed
roadside hazards that were playing an increasing role in the number of fatalities and
injuries. In addition to a realization that such hazards should be removed or relocated,
attention was directed to the mitigation of the results of such fixed object impacts. Crash
cushions, or impact attenuators, were considered and development began.

One of the first such attenuators was the steel-drum crash-cushion system developed
in Texas in the mid-1960’s. ® Extensive research and development by Federal and State
governmental agencies and by the highway safety industry has since produced a wide
variety of impact attenuators which can be adapted to varying site-specific highway
conditions or needs. These include water-filled tubes; sand-filled plastic barrels; and
crushable, dry energy-absorbing materials.

~ Success with these crash-cushion designs has stimulated development of mobile
systems which are attached to work vehicles. Perhaps the first of these was the Texas
Crash Cushion Trailer, developed and tested in 1972. " From this early attenuator,
other truck-mounted attenuator (TMA) systems soon followed. Designs to date include
the following: © :

e Energy-absorbing cartridges within a frame (Hex-Foam, by Energy Absorption
Systems, Inc. [EASI]).

@ Aluminum Honeycomb w/frame (Hexcel, by Hexcel, Inc.; Alpha 1000, by EASI;
Alpha 500, by EASI).

@ Water-filled tubular vinyl cells (CushionSafe, by Transpo-Safety, Inc.).
" @ Collapsing (or crushing) steel pipe (developed by University of Connecticut).

The highway safety industry has made extensive improvements to first generation
‘TMA’s. Designs now provide for consistently safe G-load levels for both light and heavy
automobiles over a range of impact speeds, as well as increased maneuverability of truck-
TMA units due to a tilt-up option with hydraulically activated latching and other
improvements. Overall weights of TMA units have decreased, and the time (and
difficulty) of mounting and unmountmg the devices from trucks has been greatly reduced.
Current TMA designs are, thus, more effective and easier to utilize with a vehicle fleet. -

" With the empha51s on work zone safety exhibited by the FHWA and others,
improvements in the level of traffic control provided are quite evident. Unfortunately,
TMA'’s have not been readily and uniformly accepted across the United States. Several
factors have apparently contributed to this lack of acceptance, among them the following:
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e Negative expefiencc with first generation TMAs, including mounting procedures,
inadequate tilt capabilities, etc.

i ‘Pe;c'eiv‘ed loss of productive work time without significant gain in safety for
- employees. |

@ Truck tie-up (with dedicated TMA usage).

e Lack of positive local accident experience within the agency.
& [Initial cost of TMA’s.

& The fact that TMA’s are not required by MUTCD.

e Lack of widespread (national) policy and/or pxocedures for TMA usage (this
~ includes both whcre and how a TMA should be used).

A pamal review of 1980’s TMA experience across the States provides some indication
of the lack of uniformity in TMA usage dunng that period. Perhaps the earliest most
specific reference to TMA use was added in July 1981 to the MUTCD in one State,
reading as follows:

At stationary work areas, a shadow vehicle with an attenuator fastened to the rear
should be placed upstream of the work area. For moving work areas, the
attenuator should be placed on the rear of the work equipment and/or shadow
vehicle. (Source intentionally not included.)

While this text appears to provide sufficient direction and would suggest extensive TMA
use, apparently that State, as of early 1990, has only four TMA units within the highway
department--certainly not enough to meet the "requirements" of their MUTCD.

By 1982, the Oakland County, Mlchlgan, Road Cdmmxssmn had one TMA for each of
its seven operating districts. Four additional TMA’s were purchased in 1985 for use in its.
more urban districts. ®

By 1984, the Texas Department of Highways and Public Transportation had several
TMA’s in use. Each Texas highway district has funds to purchase equipment, with
acquisitions to be approved by headquarters personnel. Region 2, headquartered in Fort
Worth, was using two units full time in restriping operations alone. They also maintained
five TMA cartridges in inventory to meet immediate replacement needs. @

A 1985 report on highway safety devices, prepared for the Texas legislature by the

Texas Department of Highways and Public Transportation, estimated the value of a TMA
in such accidents. A per accident savings of $23,000 in injury and damages was estimated
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for a vehicle hitting a TMA instead of a stationary vehicle, resulting in a very favorable
benefit-cost ratio. %

Other States moved quickly to utilize TMA’s in their operations. By 1987, California
had approximately 500 in use. By that time, policy required a TMA on the rearmost
vehicle in a "work-in-progress" operation. All vehicles moving significantly slower than
prevailing traffic, such as in sweeping or painting operations, also had to be equipped with
a TMA. CALTRANS feels that the life-saving benefits to motorists and workers have
made the crash cushions worthwhile. In addition, savings have been recognized in the
repair and replacement of damaged equipment.®?

In 1986, a task force was appointed by the North Carolina State highway chief
engineer to develop recommendations concerning safer operations for slow moving
maintenance work. A summary of guidelines for maintenance operations was prepared in
1987. While many of the operations required only rotating beacons on the equipment
(such as contour mowers and broom tractors), shadow vehicles with TMA’s were
recommended for herbicide spraying operations and painting operations utilizing cones,
while edge line painting (without cones) had the TMA optional on the trailing vehicle.
Those guidelines did not address the issues of exposed personnel on foot doing patching,
sealing, or other similar work.

A 1988 shadow vehicle policy distributed to all New York regional highway engineers
addressed the issue of the required use of shadow vehicles. However, the policy
indicated that TMA’s were not required on those vehicles, but would be utilized "if
available and where practical" on both moving and stationary operations on multilane
highways. They would be used on two-lane highways "if desirable."

After a St. Louis vehicle struck a TMA involved in a striping operation, with the
motorist escaping serious injury, the Missouri Highway Department studied increasing
TMA usage by their forces. Plans were developed in 1989 to attach TMA’s to
departmental vehicles performing routine maintenance operations.’? Similarly, Florida
Department of Transportation officials drafted a set of guidelines for the use of
protective equipment, but as of 1989, each district had authority in the decision to require
such equipment. In some cases, TMA’s are required, such as on contract sweeper
operations in Duval County.

Georgia also has developed guidelines for protective equipment, but, as in Florida,
those guidelines are not mandatory, and the language is quite broad. As the assistant
State maintenance engineer has stated, TMA’s are required "in any instance where there’s
a high likelihood of impact in an open lane situation." *?

More definitive requirements for TMA usage appeared in the 1987 Virginia Work

Area Protection Manual, which is a supplement to the Virginia MUTCD; thus, its use is
mandatory. Both "the 1987 manual and its 1988 revision establish a number of conditions
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where TMA’s are to be used. ... After July 1, 1988, TMA’s were required on all limited
access highways," using the fol]owmg criteria: .04

o Pavement marking.
@ Stationary lane closures.
o Other mobile maintenance operations.

e Other situations, as warranted.

PURPOSE OF THIS RESEARCH

As suggested above, there is a great variance in usage of TMA’s among the States,
with some States having virtually none, while California has over 500 in use. Even in
those States with a number of TMA’s, guidelines for usage are in general loosely worded,
giving field personnel a great deal of leeway in their application. It would appear
appropriate to develop some set of nationally accepted guidelines, warrants, or priorities
for usage in order to obtain the usage having the highest probability of increasing overall
safety and reducing total costs. The purpose of this research, then, is to address this issue
by suggesting priorities as to how and where available TMA'’s should be deployed. Then,
given the availability of one or more TMA’s, supervisory personnel would be -able to
assign them more effectively on a day-to-day basis. Also, if a priority system can be
agreed upon within a given agency, the total number of TMA’s required to cover a
certain level of priority can be estimated more accurately.

DEVELOPMENT OF GUIDELINES

Several States were selected as candidate contacts to determine the status of current
TMA programs. The States represented a range of attributes with respect to the
following:

e Geographic location.
e Apparent interest in the use of TMA’s,
"~ @ Number of units in active use.
The States were contacted to determine their willingness to discuss their use of
TMA’s with the research staff. Initial contacts with the States simply suggested the
possibility of a meetmg to discuss how TMA’s were being used within the agency and

what their expenences (good and bad) had been. States ultimately selected for
participation in the process were California, Iowa, North Carolina, Tennessee, and Texas.
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Discussion sessions were held during July and August of 1989. Agency personnel
attending the sessions were selected by the agency and ranged in number from three to
seven. Job responsibilities of those in attendance included maintenance foremen,
supervisors, and engineers; traffic engineers and technicians; purchasing agents;
occupational safety and training officers; garage repair personnel; and construction
engineers.

During the discussions agency personnel were invited to comment on the origins of
their TMA programs, the general availability of TMA’s to field personnel, the most
common applications, the basis for the assignment of application priorities, and the
- acceptance of the devices by a broad range of agency personnel. Although there was a
wide range of responses on the number of TMA’s presently in active use (from fewer
than 10 to over 500), there was far more consistency from State to State on other issues
discussed. Some of the issues on which there were strong similarities included the
following: |

e The initial support for the use of TMA’s came principally from the administrative
level.

e Support for the use of TMA’s among field personnel was generally good to very
good in States using the tilt-up versions of the TMA. Support among field
personnel was absent where available units did not incorporate the more recent
technologies, including the tilt-up feature and reasonably easy mounting and
dismounting of the units.

@ Reported uses, in order of reported frequency, included maintenance activities,
construction activities, and emergency incident management. The use of TMA’s
on shadow vehicles to moving operations was, by policy, the most common
application. The safety of exposed personnel was the primary concern of the field
forces.

e There seemed to be little factual basis for any‘ existing application policies.

Based on the information gathered during the agency visits, a draft of suggested
TMA-use guidelines was prepared. Those guidelines attempted to reflect the existing
practice of the agencies, the expressed concerns of the field personnel who participated,
and the experience of the researchers. These draft guidelines were presented to a large
group of industry personnel to determine how they thought such information would be
received by various agencies. The draft was modified and then was taken back to two of
the States originally visited seeking firsthand response. The response was generally
favorable, but the guidelines were seen as too complicated to be used by field personnel.

The material was again revised to simplify the format and provide more agency

flexibility in the application of the suggested guidelines. Draft materials then were
distributed to those in attendance at the January 1990 committee meetings of the
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Transportation Research Board A2A04 Committee on Roadside Safety Appurtenances
‘and A3C04 Committee on Traffic Safety in Maintenance and Construction Operations.
Committee members and others in attendance were asked to review the draft guidelines
and were invited to provide comments later on elther the content or format of the

guidelines.

- Based on input from the described sources and a number of other informal contacts
by the project staff, a final set of guidelines was developed.

RECOMMENDED GUIDELIN ES

Before a set of priorities can be established for the uses of TMA’s, a system must be
available for defining the type of activity taking place. Factors which have been
previously identified as affecting the type and number of traffic control and protecnve
devices to be used and how they are used include the following:

e Speed of traffic.

e Whether the work area is within the roadway, within the shoulder (if one is
present), or off the roadway or shoulder

e Type of activity: moving, intermittent, or stationary.

e Roadway environment: access controlled vs. nonaccess controlled; urban vs. rural.

o Traffic volumes.
e Exposure to special hazards.

While many factors may be important in determining the overall traffic control plan to
be implemented at any particular job site, five were selected as particularly relevant to a
decision whether or not to use a TMA. Three of those factors are as follows:

e LOCATION OF WORK AREA. Locations of primary concern are those w1thm
the travelled lanes and those within all-weather frequently used shoulders.

e TYPE OF ACTIVITY. Whether the activity is moving, intermittent, or stationary
will determine whether or not a standard lane closure or shoulder closure will be
implemented. Activities takmg place within a formal lane or shoulder closure are
less likely to become involved in an incident than are activities fully exposed to
approaching traffic.

e SPECIAL HAZARDS. Some actmtles by their very nature expose personnel to
greater hazards than do others. Operations involving personnel on foot or located
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in exposed positions on or within work vehicles (on the platform of a cone pickup
truck or in a bucket performing overhead operations, for example) are particularly
susceptible to high severity incidents. Other activities may create conditions which
present a significant hazard to vehicles in the passing stream and their occupants.

Table 1 provides a structure for classifying various activities considering the previously
discussed lane/shoulder closure and exposure conditions. Examples of typical
construction and maintenance activities for each of the closure/exposure conditions also
are provided.

Tables 2 and 3 suggest priorities for the assignment of shadow/barﬁer vehicles and
TMA’s. Two additional factors which were identified as having an impact on assignment
priorities are reflected in these tables.

o ACCESS CONTROL. Access controlled facilities frequently give drivers a false
sense of security with a resulting lower expectation of interruptions to free traffic
flow. Therefore, activities on freeways may be more likely to become involved in
incidents.

o SPEED LIMIT. Higher operating speeds leave less time for response, and
impacts at higher speeds generally result in more severe injuries and damage.

During the interviews with agency personnel, it was obvious that many of the field
personnel felt strongly that the use of a blocking vehicle (generally referred to as a
shadow vehicle for moving and intermittent operations and a barrier vehicle for stationary
operations) was highly desirable for the protection of exposed personnel even if a TMA
was not available. Many agencies have a policy regarding the use of blocking vehicles.
Those that do may desire to continue to follow that policy. Table 2 suggests priorities
which are consistent with the expressed concerns of the field personnel and may be
considered where no policy currently exists.

From an examination of Table 2 it is obvious that the suggested priorities for the
assignment of blocking vehicles are tied directly to protection of agency personnel. In
each case where personnel are exposed, a positive recommendation is provided with the
strength of that recommendation dependent on the closure condition, the prevailing
speed of traffic, and whether or not the operation is occurring on a freeway.

Where exposed personnel are not involved, the use of a blocking vehicle may or may
not be justified. That decision will depend on an evaluation of the hazards which exist
within the work area and the likely loss if a blocking vehicle is struck. If the evaluation
indicates that impact with a blocking vehicle is likely to result in less damage and/or less
serious injury than would impact with a work area hazard or a working vehicle, then a
blocking vehicle should be assigned to the operation. If the projected damage or injury is
greater, then the vehicle should not be assigned. For example: :
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Table 1

EXAMPLES OF CLOSURE/EXPOSURE CONDITIONS

Closure/Exposure Examples of Typical See
Condition Construction/Maintenance Activities Figure

No Formal Lane Closure
Shadow Vehicle for Operation Crack pouring, patching, utility work, 1
Involving Exposed Personnel striping, coning
Shadow Vehicle for Operation Sweeping, chemical spraying 1
Not Involving Exposed Personnel
No Formal Shoulder Closure
Shadow Vehicle for Operation Pavement repair, pavement marking, 2
Involving Exposed Personnel delineator repair
Barrier Vehicle for Operation Open excavation, temporarily 2
Not Involving Exposed Personnel exposed bridge pier
Form e re
Barrier Vehicle for Operation Pavement repair, pavement marking 3.
Involving Exposed Personnel
Barrier Vehicle for Condition Open excavation 3
Involving Significant Hazard
Formal Shoulder Closure
Barrier Vehicle for Operation Pavement repair, pavement markmg, 4
involving Exposed Personnel guardrail repair
Barrier Vehicle for Condition Open excavation 4

Involving Significant Hazard

A FORMAL CLOSURE condition (either lane or shoulder) includes a full complement
of advance warning devices, a closure taper of channelizing devices, and channelizing
devices to define the work area as requlred

Definitions:

ANO FORMAL CLOSURE condmon (exther lane or shoulder) includes limited (1f any)
advance warning signs and channelizing devices.

A SHADOW VEHICLE is a moving vehicle traveling a short distance upstream from a
moving operation giving physical protection from approaching traffic.

A BARRIER VEHICLE is a vehicle parked a short distance upstream from a stationary
operation giving protection from approaching traffic.
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Table 2

SUGGESTED PRIORITIES FOR THE ASSIGNMENT OF SHADOW/BARRIER VEHICLES

Ranking*

Closure/Exposure Non-Freeway with Speed Limit _
Condition ' Freeway 250 mi/h 40-45 mi/h <35 mi/h

No Formal Lane Closure ‘

Shadow Vehicle for Operation A A A A
Involving Exposed Personnel

Shadow Vehicle for Opération E E E E
Not Involving Exposed Personnel

No Formal Shoulder Closure

Shadow Vehicle for Operation B B C C
Involving Exposed Personnel

Shadow Vehicle for Operation E E E E
Not Involving Exposed Personnel

Formal Lane Closure

Barrier Vehicle for Operation B B C D
Involving Exposed Personnel

Barrier Vehicle for Condition E E E E
Involving Significant Hazard

Formal Shoulder Closure

-Barrier Vehicle for Operation C : C D D
Involving Exposed Personnel

Barrier Vehicle for Condition E E E E
Involving Significant Hazard

*The ranking letter indicates the priority assigned to the use of a shadow/barrier vehicle. The use of
shadow/barrier vehicles: ' ;
is very highly recommended.

is highly recommended.

is recommended.

is desirable.

may be justified on the basis of special conditions encountered on an individual project when an
evaluation of the circumstances indicates that an impact with a shadow/barrier vehicle is likely to
result in less serious damage and/or injury than would impact with a working vehicle or the hazard.

moOwy
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Table 3

SUGGESTED PRIORITIES FOR THE APPLICATION OF

TRUCK-MOUNTED ATTENUATORS

Closure/Exposure
Condition

Ranking* _
R Non-Freeway with Speed Limit
Freeway 250 mi/h 40-45 mi/h <35 mi/h

No Formal Lane Closure

Shadow Vehicle for Operation
Involving Exposed Personnel

Shadow Vehicle for Operation
Not Involving Exposed Personnel

No Formal Shoulder Closure

Shadow Vehicle for Operation
Involving Exposed Personnel

Shadow Vehicle for Operation
Not Involving Exposed Personnel

Formal Lane Closure

Barrier Vehicle for Operation
Involving Exposed Personnel

Barrier Vehicle for Condition
Involving Significant Hazard

Formal Shoulder Closure

Barrier Vehicle for Operation
Involving Exposed Personnel

Barrier Vehicle for Condition
Involving Significant Hazard

1 2 3 4
1 2 3 4
2 3 3 3
2 3 4 5
2 3 4 5
2 3 4 5
3 4 5 5
3 4 5 S

‘The numencal rank mdlcates the level of pnonty assngned to the use of a TMA on an assigned
shadow/barrier vehicle. The use of a TMA under the defined conditions is: -

is highly recommended.
is recommended.
is desirable.

AW N

is very highly recommended.

may be justified on the basis of special conditions encountered on an individual p;ojeci. |
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An open excavation several ft deep and several ft across exists on a street in a
residential area. A horizontal curve restricts sight distance to the excavation to
less than desirable for the 25-mi/h speed limit. An impact with an appropriate
blocking vehicle at 25 mi/h would probably result in less damage than would
driving into a major excavation. Therefore, the use of the blocking vchlcle would

be appropriate.

A full depth portland cement concrete patch has been placed and is curing in the
right lane of an arterial street with prevailing speeds of 40+ mi/h. An impact with
an appropriate blocking vehicle at 40 mi/h would probably result in greater loss (in
both personal and economic terms) than would driving into an uncured patch
which might then have to be replaced. Therefore the use of the blocking vehicle
would be inappropriate. |

Table 3 contains suggested priorities for the assignment of available TMA’s. From an
examination of Table 3 it is obvious that the suggested priorities for the application of
TMA’s are based primarily on the protection of the approaching motorists. The highest
priority is on a freeway where speeds are high and the probability of an impact is
greatest. Where, due to either the location of the activity or the presence of a formal
closure, the probability of an impact is less, a lower priority is assigned.

Figures 1-4 illustrate the use of TMA-equipped vehicles in the closure/exposﬁre
conditions identified in Table 1. The relative simplicity of the illustrations compared to
illustrations in the MUTCD may be misleading, and the following items should be noted:

In most cases the use of traffic control devices in the Advance Warning Area and
Transition Area, as defined in the Traffic Control Devices Handbook %, will be
appropriate. Because this topic is adequately covered in the MUTCD, in other
agency policies, and, where applicable, in the project traffic control plan, those
details are not repeated on the figures.

Figure 1 specifically recommends an arrow panel on the TMA equipped vehicle.
In all of the other figures, it is indicated as an option.

Where a formal lane closure or shoulder closure is implemented, a Buffer Area
(or Buffer Space as defined in the Traffic Control Devices Handbook) is typically
provided. Because this topic is adequately covered in the Handbook, the
MUTCD, in other agency policies, and, where applicable, in the project traffic
control plan, those distances are not repeated on the figures.

When a blocking vehicle is hit, it will be moved forward some distance. That
distance is commonly referred to as the "roll-ahead distance" and varies depending
on the weights and speeds of the two vehicles involved, the extent to which the
blocking vehicle is restrained, and certain pavement characteristics. All of the
factors, except vehicle weights and impacting vehicle speed, can be accounted for
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Varles Area containing
See Note 3 work vehicles and/or

warkers an foot

Notess 1. Advance warning fraffic cenirel
devices to be in accordance with MUTCD, TCP,
or other agency policies.
2. TMA vechicie should be equipped with an arrow panel
operated in accordance with the MUTCD,
TCP, or other agency policies.

3. Variabie intervening distance to be selected
from the following table:

Vehicle with AHtenuator

Prevailing Speed TMA Vehicle TMA Vehicle
(mph) Siationary (ft.) Moving (ft.)
60-63 Appropriate buffer distance to be
, oblained from Table 4 or S based
S0-88 on poiley decision defining

shadow/barrier and impacting
€48 vehicie weights

Figure 1 - Work area outside formal lane closure. (One-way or two-way)

Shoulder
Shouider
l | t | | .
v 1 1 " T -
Advence : Transition Buffer Yaries Area containing
Worning Areg Area See Note 3 work vehicles and/or
Area workers on foot

Notes: 1. Advance warning fraffic conirol
devices to be In accordance with MUTCD, TCP,
or other agency poiicies.
2. If the TMA vechicie Is equipped with an arrow panel,
it s o be operated in accordance with the MUTCD,
TCP, or other agency policies.

3. Variable intervening disiance to be selecied
from the following table:

Vehicle with Altenuator

Prevailing Speed TMA Vehicle TMA Vehicle
(mph) Siationary (ft.) Moving (f1.)
0-68 Appropriote buffer distance to be

obloined from Table 4 or S bosed
30-53 on poiicy decision defining

shodow/barvier and impacting
£48 vehicle weights

Figure 2 - Work area on shoulder without formal shoulder closure.
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Notes:

Advance Transition Buffer
Warning Area Area
Area

1. Advance warning and iransition area irafflc control
devices to be in accordance with MUTCD, TCP,

or other agency policies. .

2. If the TMA vechicle Is equipped with an arrow panel,
it is o be operajed In accordance with the MUTCD,
TCP, or other agency policy.

3. Minimum buffer area length to be in accordance
with TCP or agency policy.

4. Variabie Infervening distance to be selected

from the following table:

Prevailing Speed TMA Vehicle TMA Vehicle

(mph) Slationary (ft.) Meving (f1.)

60-65 Appropriate butfer distance to be
abtained from Tabie 4 or 5 based
50-33 on policy decision defining
shadow/barrier and impacting
<45 vehicle weighis

Yaries Area containing

See Note 4 workers on foot or

significant hazard

Channaelizing Device

Vehicle with Altenuator

Figure 3 - Workers on foot or significant hazard within formal lane closure.

(One-way or two-way)
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2. If the TMA vechicie Is equipped with an arrow panel,
i is o be operated In accordance with the MUTCD,
TCP, or other agency policy.

3. Minimum buffer area length to be in accordance.
with TCP or agency policy.

4. Yoriable intervening distance io be selected

from the following table:

Prevailing Speed TMA Vehicle TMA Vehicle
(mph) Stationary (ft.) Moving (ft.)
60-65 Appropriate buffer distance fo be

obtained from Table 4 or 3 based
50-58 on policy decision defining

shadow/barrier and Impacting
£48 vehicle weights

Vehicle with Attenuator

Figure 4 - Work area on shoulder with formal shoulder closure.




with a series of assumptions. The likely speed of the impacting vehicle is site
specific. The weight of the units used as blocking vehicles and the weight of the
impacting vehicle to be accommodated by the system are both policy issues.

Tables 4 and 5 provide a listing bf calculated and rounded roll-ahead distances for
various vehicle weight/speed conditions. Calculations were made utilizing the classical
conservation of momentum equation and the following assumptions:

@ Coefficients of friction between truck tires and pavement surface of 0.50.

@ Percent of total vehicle weight on rear axles of shadow/barrier vehicles equal to 75
percent.

¢ Engine braking effectiveness of moving shadow vehicle equal to 80 percent.
@ Values rounded downward as appropriate.

Appropriate values rcﬂecting the agency’s policy decisions should be taken from
Tables 4 and 5 and inserted in the figures before the ﬁgures are distributed for use by
field forces. »

CONCLUSIONS

This research effort has resulted in guidelines which will assist in determining the
priority of usage of barrier or shadow vehicles and of TMA’s. Additional guidelines
relating to the actual usage of TMA’s are presented.

TMA'’s have been available for several years, but their use in most States has been
limited. Asa result, there are no comprehensive guidelines or suggested application
priorities. Soon after the study started, the researchers recognized that there was not an
existing data base which would support a rigorous scientific analysis and that a
comprehensive scientific study would require information derived from TMA use over a
diverse geographical area under a wide range of work zone types. Required data would
include the number and severity of accidents (with and without TMA’s) by work zone
activity and some measure of the frequency of exposure and activities. -

While no scientific work plan was developed, it appeared obvious that developing an
adequate data base would require the cooperation of a number of agencies, over an
extended period of time, at a cost which would probably be measured in the hundreds of
thousands of dollars--far beyond the budget available for this effort. In the meantime,
there was a short-term need for a rational basis for assigning ava:lable units. This report
was prepared in an effort to fill that need.
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Table 4

'ROLL-AHEAD DISTANCE FOR SHADOW VEHICLES

Weight of
Shadow Vehicle  Prevailing Weight of Impacting Vehicle to be Contained* :
' (moving)®  Speed (mi/h) 4,500 Ib 10,000 1b 15,000 Ib 24,000 Ib
10,000 Ib 60-65 100 ft 175 ft° 225 ft 275 ft
‘: 50-55 100 ft 150 fte 175 ft 200 ft
<45 75 ft 100 ft° 125 ft 150 ft
f 15,000 1b 60-65 75 ft 150 ft 175 ft 225 ft
50-55 75 ft 125 ft 150 ft 175 ft
<45 50 ft 100 ft 100 ft 100 ft
24,000 1b 60-65 75 ft 100 ft 150 ft 175 ft
50-55 50 ft 75 ft 100 ft 150 ft
<45 50 ft 75 ft 51t 100 ft

*Weights of typical vehicles: mid-size automobile, 2,250 Ib; full-size automobile, 3,500 Ib; loaded 3/4-
ton pickup truck, 6,000 Ib; loaded 1-ton cargo truck, 10,000 Ib; loaded 4-yard dump truck 24,000 Ib.

*Distances are appropriate for shadow vehicle speeds up to 15 mi/h.

*Values suggested for inclusion on Figures 1, 2, 3, and 4.

Table 5

ROLL-AHEAD DISTANCE FOR BARRIER VEHICLE

Weight of

Barrier Vehicle  Prevailing Weight of Impacting Vehicle to be Contained*
(stationary)® Speed (mi/h) 4,500 Ib 10,000 1b 15,000 Ib 24,000 Ib
10,000 Ib ‘ 60-65 50 ft 100 ft® 150 ft 200 ft
50-55 25 ft 75 fib 100 ft 150 ft
<45 251t 50 ft® 75 ft 100 ft
15,000 Ib - 60-65 25 ft 51t 160 ft
' 50-55 25 ft 50 ft 75 ft 100 ft
<d5 25 ft 25 ft 50 ft 75 ft
24,000 1b 60-65 25 ft 50 ft 75 ft 100 ft
50-55 25 ft 25 ft 50 ft 75 ft
<45 © 251t 25 ft 25 ft 50 ft

‘Weighté of typical vehicles: mid-size automobile, 2,250 Ib; full-size automobile, 3,500 1b; loaded ~ 3/4-
ton pickup truck, 6,000 lb; loaded 1-ton cargo truck, 10,000’lb; loaded 4-yard dump truck 24,000 Ib.

*Distances are appropriate for shadow vehicle speeds up to 15 mi/h.
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The guidelines reflect the existing practices of the agencies contacted, the concerns

expressed by field personnel who participated in the discussions, and the collective
wisdom of the researchers and others (including agency representatives, other
researchers, suppliers representatives, etc.) from whom comments were sought and..
received. Priorities based on scientific research would be desirable and ultimately will be
developed. The researchers hope that the present effort will stimulate discussion toward
that end and believe that the guidelines in their present form can be used appropnately
as a policy formation and budgeting tool.
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SAFE DEPLOYMENT OF WORK ZONE TRAFFIC CONTROL DEVICES
Jerry Hietpas

President
Action Safety Supply Co.

The techniques for the safe deployment of work zone traffic control device
systems includes the following:
. Have trained traffic personnel analyze construction plans.

o Communicate with road contractor personnel to get feel for timing and
construction phasing of project.

) Visit site to get familiar with geometry of roadway and answer the following
six questions:

1. What type of work is going to take place? Moving, mobile, or

stationary?

2. What location is the project to take place? Roadway, shoulder, or
right-of-way?

3. How much time is involved for the project?

4.~ What type of facility is being worked on? Freeway, urban, side
street?

5. What is the traffic speed?
6. What is the traffic volume?
° When on the site, check and locate utility lines that might conflict.
° Write the script for the ‘dcployment of work zone traffic control, which is a
detailed list of the sequence of events that takes place on the work zone
- control plan. Give order and approximate time to complete each of the
events. It is important to keep transition time between each phase of -

construction to a minimum.

° Look for any conflicts in the script and discuss them with all personnel
involved. ‘

o Schedule the putting up and taking down of work zone control devices to
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avoid peak periods of traffic.

Pretrip preparation:

%

Check vehicles and uniforms.

Load truck in reverse order of installation.

Add temporary signs for your own work zone traffic control.
Tie load securely. |

Make last check of all equipment.

Install work zone traffic control devices:

]

Never block roadway.
Control traffic during the installation process.
Install the traffic control devices in a downstream direction.

Install temporary signs first to protect workers while installing more
permanent work zone signs and devices.

Plan cscépe route while on roadway.

Never tu’m back to traffic.

Use truck as additional warning device and protection.
Don’t obstruct work zone devices.

Be aware of traffic at all times.

Prepare devices before hand and then just snap them in place when
on the road.

Plan movement within work zone to minimize entering and exiting.

To remove work zone traffic control devices:

»

Reverse the installation procedure.

Avoid driving against traffic flow.
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"‘ Minimize time within work zone.

Tips:
* Have thorough knowledge of standards and plans.
* Communicate with supervisor, the contractor, and other project
personnel.
o Check vehicles, tools, and equipment.
* Scout job site ahead of time.

* Park carefully and legally at the job site.

* Plan escape route.
* Avoid shortcuts.
* Stay alert.
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PLANNING AND SCHEDULING FREEWAY LANE CLOSURES

Raymond A. Krammes
Assistant Professor of Civil Engineering
Texas A&M University

INTRODUCTION

As the need for maintenance and rehabilitation of our aging freeway system has
increased and traffic demands have grown, State highway agencies have become
increasingly sensitive to the safe and efficient handling of traffic through freeway work
zones. The frequency of required maintenance activities and the potential severity of the
traffic disruptions caused by work zones have heightened the importance of careful
planning and scheduling of lane closures for maintenance and construction activities.
This paper discusses ways of estimating the additional road user costs due to freeway
work zone lane closures so that the total cost of work activities may be accounted for in
planning and scheduling decisions.

THE PROBLEM

The problem faced by highway agencies in maintaining and rehabilitating our Nation’s
freeways is similar to the problem faced by surgeons who must repair a body’s vital
arteries while still maintaining the flow of blood. Traffic is the lifeblood of our economy,
and the flow of traffic must be maintained while road work is being performed.

Roadway space is a scarce resource that must be allocated between the required work
activities and the motorists. In planning and scheduling freeway work zone lane closures,
trade-offs between the requirements of the work activity and the requirements of
motorists must be carefully considered.

Decisions about when and where to close how many lanes have significant cost
implications. Costs that must be considered in making such decisions include:

& The costs borne by the highway agency, including the actual cost of performing the
work activity by contract or agency forces, the cost of installing and removing the
traffic control devices necessary to accommodate traffic safely through the work
zone, and the cost of administering and inspecting maintenance or construction
contracts. -

o The additional road user costs, including the increased travel time, vehicle
operating, and accident costs resulting from the work zone.
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The costs borne by the highway agency are paid by revenues derived largely from user
fees. Therefore, ultimately, the road user pays the total cost of maintenance and
construction activities. When viewed from this perspective, it seems reasonable that lane
closures for maintenance and construction activities be planned and scheduled so as to
minimize the total cost of the work actlvny

BIDDING CONCEPTS BASED UPON MINIMIZING TOTAL PROJECT COST

Several bxddmg concepts have been developed based upon the objective. of mmlmlzmg
the total cost of the work activity. One technique is the cost/time bidding concept, in
which "each bidder proposes a time duration for the project and traditional unit prices for
the work items. A road user cost is applied to the proposed contract times. The low
bidder is determined as the proposal which provides the lowest combination of bid cost
and total user cost. @

- Ellis-and Herbsman® reached the following conclusion based upon an evaluation of:
16 projects in which this concept has been applied:

Using both time and base-bid cost as criteria for determining the low bidder on
highway construction projects has been shown to be a successful innovation. It
“.does not change the fundamental concepts of the low bidder system, but it does
'~ incorporate an additional element (time) to the low bidder selection criteria.
“Although the number of trial projects is relatively small, the results indicate that
~ substantial savings in project time can be obtained without significant increases in
basic construction cost. The net savings to the public, calculated by including the
Road User Daily Cost, makes an impressive argument for use of the cost/time
- bidding system.

A variation on the cost and time method is the lane rental concept, in which "lane
rental" fees for lane closures are specified based upon the road user costs that would be
incurred. Bids are evaluated based upon the lowest combination of bid cost and total
lane rental fee.

These bidding techniques, by incorporating road user costs as an element in the low
bidder selection criteria, improve the likelihood that work activities are conducted in a
manner that minimizes their total cost. For the proper balance to be achieved between
the efficiency of performing the work and the needs of motorists; however, it is essential
that road user costs be properly estimated.

PROCEDURES FOR ESTIMATING ROAD USER COSTS AT WORK ZONES

Several procedures, both manual and computerized, are available for evaluating the
traffic impacts of freeway work zone lane closures. Abrams and Wang® in their user
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guide on "Planning and Scheduling Work Zone Traffic Control" provide manual
procedures for evaluating the impacts of work zones in terms of accidents, vehicle stops
and delays, vehicle operating costs, and fuel consumpuon The 1985 Highway Capac:ty
Manual @ provides estimates of work zone capacity and procedures for estimating queue
lengths and delays using input-output analysis.

Several publicly available microcomputer programs have capabilities specifically -
intended for evaluating freeway work zone lane closures. These programs include
,DELAY (4), FREWAY®, QUEWZ3-PC®, and FREQ10PC ?. Table 1 summarizes
“their capablhtles Potential applications of these and other models to work zone traff' ic
planmng are evaluated in more detail elsewhere.®”

Table 1. Capabilities of Selected Microcomputer Programs for
Evaluating Freeway Work Zone Lane Closures

FREWAY | QUEWZ3- | FREQIOPC
PC

Evaluate Altematlve Lane Yes Yes Yes Yes
Closure Configurations
Estimate Amount of Traffic No No Limited Limited
Diverting from Freeway K
Identify Acceptable Lane Not Not Yes Not
Closure Schedules Directly Directly Directly
Estimate Queue Lengths and Yes Yes Yes C Yes
Delays S
Estimate Additional Road No No Yes No
User Costs
Evaluate Multiple Freeway No No Not Yes
Links and Ramp Effects Directly ‘

The capabilities of DELAY and FREWAY are limited to evaluating the queumg
characteristics of lane closures. DELAY is a LOTUS 1-2-3 spreadsheet that estimates
queuing characteristics resulting from lane closures during either maintenance activities or
freeway incidents. FREWAY performs capacity analyses for basic freeway segments and
delay calculations for work zone lane closures.

QUEWZ3-PC evaluates traffic flows through freeway work zone lane closures and
estimates the queue lengths, average speeds, and additional road user costs resulting from
alternative closure configurations specified by the user. It can also identify schedules for
lane closures so that queuing will not exceed a user-specified queue length in miles or
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delay in minutes. These capabilities are particularly useful for planning and scheduling
lane closures, which was the specific intent of the development of QUEWZ3-PC. In the
class of programs that might be termed work zone lane closure programs (DELAY,
FREWAY, and QUEWZ3-PC), QUEWZ3-PC has the broadest range of capabilities.

FREQ is a more general purpose freeway simulation model. One of the latest
versions FREQ10PC has been adapted to allow the capacity of freeway subsections to be
varied over time, thereby enabling it to evaluate short-term work zone lane closures.

- (Prior versions of FREQ did not have this capability.) FREQI10PC provides estimates of
main-lane and ramp delays, average speeds, exiting volumes, queue lengths, fuel
consumption, and vehicle emissions.

For most applications either QUEWZ3-PC or FREQ10PC are likely to be the most
appropriate tools for evaluating the traffic impacts of freeway work zone lane closures.
QUEWZ3-PC was designed specifically for evaluating freeway work zone lane closures
and, therefore, has features and capabilities more directly suited for planning and
scheduling purposes. QUEWZ3-PC has the advantage of being the only program that
estimates the additional road user costs due to a lane closure. With FREQ10PC, user
costs could be computed manually by applying unit cost factors to the delay and fuel
consumption estimates that are provided as output. Another unique feature of
QUEWZ3-PC is the ability to evaluate all feasible lane closure configurations and to
identify the times of day when each configuration could be implemented without
producing queue lengths and delays that exceed values specified by the user. With
FREQI10PC, this function could be performed by evaluating the results from repeated
trials with different lane closure configurations and schedules.

A limitation of QUEWZ3-PC is that it treats the freeway as a single, uniform
segment and has no provisions for explicitly considering ramps. With FREQ10PC, on the
other hand, the freeway can be represented as a series of segments whose geometry and
capacity may be different, and ramps can be modeled explicitly. In many cases, such as
when the work zone is between ramps or where ramps are widely spaced and ramp
volumes are low relative to main-lane volumes, it is not necessary to consider ramps
because their effect would be minor compared to the effect of the lane closure. In those
cases, QUEWZ3-PC could be used effectively. When ramp effects are important,
however, such as when the work zone spans several ramps and when ramp volumes are
relatively high, it may be necessary to use a more general purpose freeway simulation
model such as FREQ10PC.

The accuracy of available procedures is limited by our knowledge of two key
parameters: (1) the traffic-handling capacity of work zones and (2) diversion
characteristics, i.e., when, where, and how much traffic will divert from the freeway to
avoid the work zone. At present, however, data on work zone capacity and diversion
characteristics are being collected in Texas and Florida and will be incorporated into a
new version of QUEWZ3-PC.

114




SAMPLE APPLICATION OF QUEWZ3-PC

To illustrate the capabilities and limitations of the state-of-the art in estimating the
additional road user costs resulting from freeway work zone lane closures, a sample
application of QUEWZ3-PC will be presented.

Suppose that a lane closure must be scheduled for a maintenance activity in the
outbound direction of a six-lane freeway. The maintenance activity would require six -
~hours to perform if only one lane were closed but could be expedited to four hours if two
lanes could be closed. The freeway carries the directional hourly volumes shown in
Table 2.

Table 2. Directional Hourly Volumes for Sample

Application of QUEWZ3-PC
Military Time Approach Military Time Approach
(begin - end) Volume (vph) (begin - end) Volume (vph)
0-1 420 12-13 3,040
1-2 280 13-14 3,100
2-3 290 14-15 : 3,360
34 190 15-16 4,020
4-5 250 16-17 5,450
5-6 620 17-18 5,660
6-7 2,950 - 18-19 3,390
7-8 5,720 19-20 2,280
8-9 3,640 20-21 : 1,760
9-10 2,630 21-22 1,720
10-11 2,680 22-23 1 1,400
11-12 3,120 23-24 800

As a first step, QUEWZ3-PC was used to identify acceptable lane closure schedules.
The inputs that are required include the length of the work zone (assumed to be 1 mi),
the work zone capacity (2980 vph for 1 lane closed and 1170 for 2 lanes closed), and the
definition of excessive delays (20 min or more). QUEWZ3-PC can identify the times of
day when each possible lane closure configuration (in this case one of three lanes closed
or two of three lanes closed) could be in place without causing excessive delays.

Table 3 summarizes the output from QUEWZ3-PC. For work activity starting at a
given hour, the output indicates until which hour work may continue without producing
excessive delays. The results indicate that one lane could be closed during any six-hour
block between 8:00 a.m. and 4:00 p.m. or between 6:00 p.m. and 7 a.m. However, two
lanes could be closed only between 10:00 p.m. and 6:00 a.m. without causing delays
exceeding 20 min. If the maintenance activity may be performed only during daylight
hours, then these results suggest that only one lane should be closed.
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Table 3. Acceptable Lane Closure Schedules
for Sample Application of QUEWZ3-PC

! If work continues beyond this hour, the delay through the work

zone area will exceed 20 min.

2 Hour of the day after work started.
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For Work 1 of 3 Lanes 2 of 3 Lanes
Starting May Be Closed May Be Closed
at Hour Until Hour! Until Hour!

0 8 6
1 8 6
2 8 6
3 8 6
4 8 6
5 8 6
6 8 6 i
7 8 7
8 16 8
9 16 9
10 16 10
11 16 11
12 16 12
13 16 13
14 16 14
15 16 15
16 17 16
17 18 17
18 7? 18
19 7? 19
20 7? 21
21 7* 22
22 7? 62
23 7? 6* "
LSRR

The six-hour block 9:00 a.m. to 3:00 p.m. was selected for further evaluation of the
closure of one lane. Table 4 summarizes the estimated queue lengths, average speeds,
and additional road user costs for each hour of the closure. The estimated total
additional road user costs due to the closure are approximately $22,000. For comparison
purposes, Table 5 summarizes the impacts of closing two of three lanes for the four-hour
block 9:00 a.m. to 1 p.m. The results for closing two lanes indicate that very long queues
would result if no traffic is diverted away from the work zone and that the total
additional road user costs would be more than $293,000. It would appear, therefore, that
the best schedule for the maintenance activity would be to close one lane from 9:00 a.m.




to 3:00 p.m. (In Houston, the Texas State Department of Highways and Public
Transportation has performed analyses similar to these and has developed guidelines on
when work may be performed and how many lanes may be closed on each freeway.?

Table 4. Results from QUEWZ3-PC for Freeway Work Zone Lane Closure
in Which 1 of 3 Outbound Lanes is Closed from 9:00 A.M. and 3:00 P.M.

Approach Approach | Work Zone | Length of | Additional
Military | Volume Capacity | Speed Speed Queue Road User
Time | (ph) | (ph) | (mih) | (mih) (mi) | Costs ($)
9-10 2,630 2,980 53 47 0.0 368
10-11 2,680 2,980 53 46 0.0 392
11-12 3,120 2,980 52 30 0.2 2,375
12-13 3,040 2,980 52 30 04 3,644
13-14 3,100 2,980 52 30 0.7 4,849
14-15 3,360 - 2,980 52 30 1.3 8,258
15-16 4,020 6,000 50 43 0.9 2,212
Total Additional Road User Costs Due to Lane Closure 22,098

Table 5. Results from QUEWZ3-PC for Freeway Work Zone Lane Closure in which 2 OF 3
Outbound Lanes are Closed from 9:00 A.M. and 1:00 P.M.

T — > ——
Approach ' Approach | Work Zone | Length of Additional
Military Volume Capacity Speed Speed Queue Road User
Time (vph) (vph) (mi/h) (mi/h) (mi) Costs ($)
9-10 2,630 1,170 53 30 1.8 - 11,335
10-11 2,680 1,170 53 30 5.6 31,954
11-12 3,120 1,170 52 30 10.0 56,997
12-13 3,040 1,170 52 30 14.8 83,612
13-14 3,100 6,000 52 30 13.5 69,101
14-15 3,360 6,000 52 30 6.5 34,164
15-16 4,020 6,000 50 37 1.6 6,039
Total Additional Road User Costs Due to Lane Closure 293,202 l

SUMMARY

This paper argues that freeway work zone lane closures should be scheduled to
minimize the total cost of the work activity. Consideration should be given both to the
actual cost of performing the work and to the additional road user costs resulting from
the lane closure. Several procedures could be used to estimate road user costs. A
sample application was presented to illustrate the use of QUEWZ3-PC.
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REAL-TIME TRAFFIC CONTROL
AND CHANGEABLE MESSAGE SIGNS

Thomas Hicks
Deputy Chief Engineer-Traffic
State Highway Administration
Maryland Department of Transportation

INTRODUCTION

The opening statement for this paper is similar to that of most any other discussion of
work zone safety and how to provide it. That is, the objective of a highway agency is to
provide a highway system that is efficient and safe--under all possible circumstances and -
conditions. The work zone provides a set of circumstances that disrupts the smooth flow
of traffic and prevents the highway agency from easily meeting this objective.

Work zones put something different and unexpected in the way of the traveller.
When we change the driver’s normal and expected way of doing things in the driving task,
special steps must be taken to overcome motorists’ uncertainties and the expanded
reaction times that result.

Several thoughts come readily to mind as ways to offset the adverse effects of work
zone traffic control. The most important.of these, as the Fundamental Principles of the
Manual on Uniform Traffic Control Devices (MUTCD) states, is to provide a work zone
scene with roadway geometrics and traffic control devices that are as nearly as possible
comparable to those for the normal highway situation. Unfortunately, the extent to which
this is possible is often quite small, and this, coupled with the increasing amount of major
work done under heavy traffic conditions or at night, has caused us to develop traffic
control techniques that readily attract the driver’s attention; convey to him useful timely,
and credible information, which, it is hoped, he respects and obeys.

The purpose of this presentation is to discuss one aspect of the effort to control traffic
safely in the work zone--for both the public and the highway worker--that bemg, dealing
with real-time traffic control and devices, such as the changeable message
sign. While the thoughts expressed may well apply to every type of road system, the
comments will generally be directed toward higher speed freeway conditions.

Accidents continue to occur in our work zones and do so at a rate that is too high to
accept. Certainly this is especially true for highway workers who can be provided with a
vast and impressive array of traffic control measures and devices. Throughout this
discussion, it is important to recognize that the thoughts presented deal equally with
worker safety and that of the public passing through. Lastly, one telling fact that is worth
thinking about is that most of the more severe accidents in work zones involve vehicles
leaving the travel lane and entering the buffer area, work space, or other areas along the
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roadside. This suggests several things worth explormg, among them, high relative speed,
speed too fast for conditions, conditions that are unexpected, improper device usage or
application, insufficient notice to approaching traffic, and inadequate attention to the
required driving task by the motorist.

- In selecting the traffic control strategies in the work zone, another of the MUTCD
fundamental prmcrples comes into play--that bemg the avoiding of overregulanon of
traffic. The least possible control should be provided with emphasis bcmg given to
advising drivers what to expect and letting them drive the work area in a way that is
commensurate with conditions and their good judgment. This procedure has been proven
effective where uniform, consistent, and realistic traffic control techniques and devices are
applied. :

" To form a sound basis or foundation for the whole traffic control process we have to
understand the human factors that are involved. Drivers like all human beings have a
mind-set about a myrlad of situations, of which various driving situations are but a few.
The thmkmg process is quite complex, and drivers’ actions out on the hxghway are, more
often than not, instinctive reactions that are based upon knowledge stored in the brain
from past experiences. The total time to react can vary significantly due to the ease of
recognition of the situation, the multiplicity and complexity of the decisions to be made,
and the degree to which the situation violates the drivers’ expectancies.

Ina nutshell this suggests that our traffic control strategies should be simple ones
fulfilling a clear need that use wcll known devices Wthh attract attention, are well
maintained, and are placed to convey information in a way that offers ample time for a
safe response or action.

Asa ﬁnal pomt of mtroductlon from a legal standpomt the. hlghway engineer is on
sound ground with regard to work zone traffic control when the provisions of MUTCD
are followed, particularly those set forth in the fundamental principles, and when
procedures are established and followed to monitor and evaluate traffic flow through the
work site with changes being made promptly as a result of reviews. Also, while the
hlghway engineer may have the overall responsibility to provide acceptable traffic controls
in the work zones, the contractor, law enforcement, and other affected agencies must play
an active role in the whole process. Through the better understanding that will result,
the process can be carried out more adequately and more expeditiously.

REAL-TIME TRAFFIC CONTROL

What is meant by the term real-time traffic control is giving guidance to the motorist,
be it regulatory, warning, or guide information that is current and truthful. In traffic
control, credibility is just about everything. What follows is a brief discussion on a variety
of traffic control thoughts and elements that will form the basis for work zone traffic
control that is "real time" in every sense of the term:
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Traffic control devices (TCD’S) must fit the situation--TCD’s must be the
appropriate ones for the conditions to be encountered. For the plan to be -
effective and accepted, TCD’s must be up when needed and removed, turned, or
covered when not applicable.

Traffic control devices should be used and applied within a particular work site on
the basis of five well-defined work site conditions: highway type, proximity of the
work area to the travel lanes, the prevailing speed of traffic, the nature of the
work activity, and the duration of the work activity. The number of devices, their
size, and placement will vary depending upon the five noted conditions.

The five basic requirements that every TCD must meet--These five basic
requirements for TCD’s fulfill a need; command attention; convey a clear, simple
meaning; command respect of road users; and give adequate time for proper
response. They are so logical they need no explanation. To fail to meet these
requirements will render the device useless and seriously degrade the traffic
control plan.

The five ways to ensure that the five basic requirements of TCD’s are met--As the
MUTCD states, five basic considerations are employed to insure that these
requirements are met. They are design, placement, operation, maintenance, and
uniformity. Key words here are standardization, simplicity, and consistency.
Where traffic control devices and their application have these attributes and they
“are well maintained, the result is quick recognition and understanding and more
accurate and timely response.

Traffic Regulations--Like control devices, traffic regulations should fulfill a need

and be used somewhat sparingly. Usually the minimum control of traffic is to be
striven for, advising drivers of what they might encounter and leaving the driving

task to them. Regulations should be imposed as needed and promptly removed

when no longer needed.

Contractors’ Responsibilities and Duties--Making it work on a real-time basis will
* require some changes in how contractors are expected and able to respond to
various traffic control needs. The following is a listing of subelements of traffic
control needs with regard to the contractors’ actions and abilities:

* Specifications that clearly set forth the project traffic control needs and
responsibilities. '

* Special provisions that permit quick changes to the traffic control plan in mid-
pecial p P q g |
project.
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* Method of measurement and basis of payment items that permit quick changes
to the traffic control plan (TCP) 'in midproject.

* Prowdmg of standby and back—up TCD’s ready to supplement and/or replace
those in the TCP. : :

* Use of highway agency’s TCD stock.
* Frequent routine monitoring and quick action based on observations.

* Establishing agreed to times for taking corrective actions on deficient or -
malfunctioning TCD’s.

* Provisions for "shutting‘down“ a project for nonperformance with regard to the
TCP. « |

* Requirement for training and certification of contractor personnel.
*  Specifications for quality devices.

* The logistics and administration within thehighway agency to pull it off--a
commitment to public and highway worker safety being priority number one.

Traffic Manager--Every construction project should have a qualified traffic
manager in charge of all traffic control items as part of the contractor’s work
force. For smaller projects, a traffic manager could handle several or be
responsible for some, nontraffic tasks, with work zone traffic control being the
primary task. . : SRR

Law Enforcement--The presence of pohce in the work site has a positive influence
on traffic passing through, and more caution will be displayed by the public. Like
other aspects of traffic control, the use of law enforcement officers should be in
response to some sort of criteria based upon documented needs.

Incidents within-the Work Zone--Similar to a good traffic systems management
program, incidents occurring within work zones should receive prompt attention
for quick restoration of normal traffic flow through the area so as to avoid
secondary incidents and unwise diversion of highway traffic onto lesser local roads.

Critique and Evaluation--Assessing the overall performance and effectiveness of an
individual work zone traffic control plan is an essential step if the plan is to be
responsive to the work site traffic control needs and the overall program is to be
an effective one. This serves as a useful learning experience and helps to meld
the thinking and actions of the participating agencies.
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& Miscellaneous Elements:-There are various other traffic control items that crop up
from time to time that need attention in consideration of the real-time aspects of
traffic control. Among these are the hours of operations, concerns over holiday

. periods, nighttime operations, prioritization of certain work activities, assessing the
traffic control needs within a corridor, special truck and HOV requirements, and
research and innovation of new devices and techniques.

CHANGEABLE MESSAGE SIGNS (CMS)

Changeable message signs (CMS) are devices whose use and application are becoming

more widespread rather rapidly. The main advantage of the CMS is its ability to display
"real-time" (current) information that can be somewhat extensive in its message content.
- A major disadvantage is the loss of credibility if the CMS information is not true or
timely or if it’s perceived to be so. The use of CMS requires good communications,
quick verification of conditions, and a quick response to message- change needs and
needed maintenance. :

The following items are those that stand out when considering the use of CMS:

‘e CMS must always be thought of in terms of being real-time devices, always
displaying the most current information.

e CMS supplement other traffic control devices and rarely replace other required
- .devices. : :

s Despite having the capability of a large amount of message display, CMS must
have quite restricted message displays because of the limited viewing and

comprehension time of approaching motorists, particularly under heavy traffic or
adverse weather conditions.

¢ CMS, in many instances, may be more effective as an adjunct to nearby Traveller’s
Advisory Radio (TAR). :

-« Permanently installed CMS have the following elements of use:
* .Their location is set for reasons other than work zone traffic control.

* They should be used for work zone traffic control messages whenever possxble,
regardless of distance.

* Some sort of ﬂashmg light or advance sign is useful for permanent CMS to get
the driver’s attention. :
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Permanent CMS are usually controlled remotely through some sort of agency
traffic control center.

Work zone message must vie with nonwork zone messages for space.
A two-part message, each part displayed on three lines of copy, on for about 2-
3 seconds each with a 0.5-1 second-off period, is about the limit for driver

perception and comprehension.

An inventory map showing locations of permanent CMS and the routes for
which they best apply is useful.

Portable CMS have the following elements of use:

%

They may be strategically placed relative to the condition about which they are
to inform.

Their messages should always be work zone related and, when not needed,
should be turned off.

Portable CMS should not display messages that convey the obvious to passing
traffic, but their use should be reserved for areas of major traffic-flow changes
or extraordinarily hazardous conditions.

Portable CMS in construction areas should be supplied and operated by the
contractor under the control of the traffic manager.

For each construction project calling for portable CMS, the contractor should
have back-up CMS units available in the event of malfunction.

Portable CMS maintenance is the responsibility of the contractor; however, the
highway agency should have standby maintenance capability in the event the
contractor is unable to perform.

Like permanent CMS, the portable CMS may be more effectively an adjunct to
nearby TAR.

Portable CMS may be tied into power and telephone lines for remote
operation.

Portable CMS, like the permanent type, should be inventoried and their

locations noted on a map or listing for remessaging and possible redeployment
in the event of traffic control changes or other traffic control needs elsewhere.
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* Portable CMS may be used to advantage as signs giving advance information
(in time) to upcoming construction work that will likely cause a significant
effect upon the traffic flow.

CMS Operational Elements--Through experience, some agencies have been able to
develop some operational guidelines for CMS use. These include:

* Warranting criteria along projects having a significant impact on traffic, at work
sites having extraordinary conditions, at major traffic flow changes or
diversions, and for giving advance information.

* CMS are particularly helpful where extensive queuing is expected.

* CMS have some eye-catching characteristics, particularly those of the bulb
matrix and fiber-optic types.

* Portable CMS units are usually not deployed for short-term work duration.

* CMS placement along freeways should usually allow for two points of exit for
major traffic disruptions, with a second CMS unit considered for use closer to

the work site.

* CMS placed for particular hazardous conditions within the work site should be
located within a reasonable distance of those conditions.

Message content:

* CMS should not display more than two messages within a message cycle.

* Each message may consist of three lines.
*  All characters within the three lines should be displayed at the same time.

* A single message should be displayed 2-3 seconds with an "off" interval of 0.5-1
second.

* If two messages comprise a message cycle, each message should not exceed 2
- seconds duration for each message; the second message should follow the first
without an "off" interval; and the interval between message cycles should be
0.5-1 second.

* Each message should convey an individual thought, be brief as possible, and
use well-known or logical abbreviations.
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* A library of words and abbreviations should be part of the operations
guidelines. : B

* A library of approved standard messages should be part of the operations
guidelines.

e Maintenance of contractor-owned CMS is by the contractor with agency back-up.

e The highway agency should keep a current and historical log of all CMS locations
and messages.

e Only standard and published messages should be used in any CMS without
approval from the highway agency.

e Message formulation and approval by the highway agency should be a central
office function to ensure uniformity and consistency.

e All portable CMS units should have universal towing hitches, as likewise should all
possible tow vehicles.

e A good set of operational guidelines should be developed by the highway agency
to cover the use and application of all types of CMS for all purposes.

¢ CMS messages should always fit the situation and be current.

TRAVELLERS’ ADVISORY RADIO (TAR)

Travellers’ advisory radio may be the most useful of all of the "real-time" devices in
conveying a wealth of useful information to the motoring public about what is going on,
where the problem is, how long the situation is expected to last, or when it is expected to
occur, and what the motorist might do about it. The TAR operational elements are

these:

o TAR’s may be permanent or temporary, though the permanent units perform
more satisfactorily and with more power. :

o The permanent units are powered locally and with telephone connections may be
remotely operated.

e The messages should be done with a "professional voice" that is clear and pleasant.

o All messages should be carefully composed and edited.
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e Voice synthesizers should be' avoided, though automatic composing of prerecorded
messages and words is quite efficient.

e Messages should not be longer than 90 seconds, 60 seconds desirable.
e TAR’s should always have advance notlce sxgmng

e Use may be made of permanent TAR’s and the signs should be supplemented
with flashing lights for work zone messages. -

e Work zone messages may be combined with nonwork zone messages.

e Message should always be preceded by the name of the agency, the date, and the
time.

e TAR’s should always be owned and controlled by the highway agency.
e TAR’s should always supplement other TCD’s and traffic control strategies.

¢ TAR’s operate at 530 AM and 1610 AM and may be in competition with
commerci_al AM broadcasters," in which case, the private sector prevails.

e Leaky cable transmission is superior in voice quality and has significantly fewer
problems with commercial radio; however, the range is limited to the highway
right-of-way for the length of the cable.

SUMMARY

The State of Maryland has made extensive use of traffic control devices and
techniques that provide information and control on a real-time basis and that are
credible. This activity has been about equally spréad bétween work zone situations,
freeway incident removal, and traffic congestion management. The major devices and "
techniques used include changeable message signs, travellers’ advisory radio, frequent
monitoring of key highway sections, use of metro traffic control resources, on-staff State
Police liaison, and around-the-clock maintenance capability. Commitment to excellent
customer service and to work zone safety to the pubhc and to the hxghway worker is the
highest work zone traffic control priority. - ' :

As we develop and expand our own program, we are eager to learn from others, and

we intend to conduct research, experiment, and innovate to find more effective ways of
reaching our goals.
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WORK ZONE SPEED CONTROL PROCEDURES

James Migletz
Jerry L. Graham
Graham-Migletz Enterprises, Inc.

After three years of steady decline in the work zone fatality rate, the Federal Highway
Administration (FHWA) reported that an increase occurred in 1988. Fatalities per
billion dollars spent for construction increased from 31.9 to 33.2, a 4.1 percent increase.®)
The number of fatalities rose from 701 in 1987 to 756 in 1988, a 7.8 percent increase.

There is a nationwide concern that the work zone traffic safety problem is growing.
Many believe that the safety problem in work zones is aggravated by excessive vehicle
speeds. Engineers, highway workers, and contractors want and need to know the
procedures that can be used effectively to reduce speeds in highway work zones.

This paper describes speeds and procedures for controlling speeds in highway work
zones. It focuses on freeways, although many procedures can be applied on other
highways and streets as well. Preliminary results of National Cooperative Highway
Research Program (NCHRP) Project 341, "Procedure for Determining Work Zone
Speed Limits," are presented. Vehicle speeds in freeway work zones, measured during
the summer of 1990, are presented, as well as results of driver surveys. Speed control
procedures and their effectiveness at reducing speeds are reviewed. The paper concludes
with recommendations for work zone speed control.

RELATIONSHIP OF SPEED AND ACCIDENTS

Research by Solomon® and Cirillo® established empirical relationships between
travel speed and accidents. The severity of accidents was found to increase as speed
increased; fatality rates were highest at high speeds and lowest at about the average
speed. Low-speed vehicles also had higher accident involvement rates. More recently,
Garber and Gadirau determined that accident rates, on both freeways and arterials,
increased as speed variance increased.? They also stated that the accident rate does not
necessarily increase with an increase in average (mean) speed.

Research by Harkey, Robertson, and Davis® found that accident risk was minimized
at about 7 mi/h (11 km/h) above the average speed. Tignor and Warren stated that speed
limits should be set 5 to 10 mi/h (8 to 16 km/h) above the average speed to reflect
correctly maximum safe speed (85 to 95 percentile range).® These results are in line
with speed zoning practices recommending that speed limits be set at about the 85th
percentile speed.
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Garber and Gadirau® determined that speed variance will be minimized if the posted
speed limit is 10 mi/h (16 km/h) lower than the design speed. They also noted that as
roadway geometric characteristics improve (by using higher design speeds), drivers tend to
go at increasing speeds irrespective of the posted speed limit.

These results®**® are for streets and highways without work zones. Intuitively, one
would think that work zones with large speed variance accompanied by potential hazards,
- such as workers in the road, lane closures, narrow lanes, pavement edge drop -offs, etc
would also exhibit high accident rates.

SPEEDS IN WORK ZONES

Research is presently being conducted on speeds in work zones as part of NCHRP
Project 3-41.77 Video cameras were used to record vehicles driving through 50-ft (15-m)
"speed traps." Speeds were calculated using the elapsed times through the "speed traps"
placed on the open highway upstream of the advance warning signs and in the work area
near where work was being done.

Table 1 presents results of a preliminary analysis of speeds on freeways. The open
highway average speeds were 65 mi/h (104 km/h) where the speed limit was 65 mi/h (104
kph) and 60 mi/h (96 kph) where the speed limit was 55 mi/h (88 km/h). The speed
variance was slightly greater at the higher speed limit. The percentage of drivers driving
at the speed limit was also greater at the 65 mi/h (104 km/h) speed limit.

The work-area average speeds were 54 mi/h (86 km/h) in work zones where the open-
highway speed limit was 65 mi/h (104 km/h) and 56 mi/h (90 km/h) in work zones where
the open-highway speed limit was 55 mi/h (88 km/h). Speeds decreased in the work area,
but the speed variance increased from that of the open highway. The work-area speed
variance is greater on freeways with 65 mi/h (104 km/h) open-highway speed limits, and
the percentage of drivers at the speed limit is slightly less. The greater variance is related
to the reduction in work-area speed limit, as described below. The 85th percentile
speeds ranged from S to 7 mi/h (8- to 11 kmm/h) above the average speeds.

Table 2 presents preliminary results of work-area speeds based on the amount of
reduction in speed limit from the open highway to the work area. In general, the average
speed decreases, but the speed variance increases with a greater reduction in speed limit.

The results in Tables 1 and 2 show that work zones with the greater speed variance
are those with the greater speed-limit reduction. The greater speed-limit reductions
occur on freeways with 65 mi/h (104 km/h) open-highway speed limits.

Research conducted by Richards and Dudek of the Texas Transportation Institute

(TTI) recommended maximum reductions in work zone speed limits from 5 to 10 mi/h (8
to 16 km/h) on urban freeways and 5 to 15 mi/h (8 to 24 km/h) on rural freeways.®”
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Table 1 - Open Highway and Work Area Speeds on Freeways

Open Highway Work Area
Open , Drivers Drivers
Highway 85th at the 85th at the - Number

Speed Mean  Speed Per. Speed Mean Speed Per. Speed of
Limit Speed Variance Speed Limit Speed Variance Speed Limit = Sites
(mih)  (mi/h) _(mih® (mih) (%) (mih) (mih®) (mih) (%) (n)

65 65 67 0 37 sS4 104 61 21 9
55 60 56 67 19 56 65 63 26 10

- 62 66 68 28 55 84 62 24 19

1 mi/h = 1.6 km/h

Table 2 - Freeway Work Area Speeds Based on Change in Speed Limit

Change in Speed Work

Limit from Open Area Speed 85th Number
Highway to Work Mean Variance Percentile of -
Area (mp/h) Speed - (mih®)  Speed (mi/h)  Sites (n)
0-10 517 51 64 11
10-15 58 56 64 7
15-20 56 85 ' 62 4
20-25 54 70 61 4
25-30 , 48 95 57 4
1 mi/h = 1.6 km/h

131




They also recommended that speed control treatments should be initiated 500 to 1,000 ft
(150 to 300 m) upstream of any treatment location within the work zone. The advance
distance ensures that drivers have adequate time to react, but that the speed message will
still be fresh in their minds when they reach the potential hazard.

DRIVER SURVEYS

A recent study, prepared for John Deere & Co., by Marketing Consultants, Inc.,
examined how approximately 400 motorists in 4 States view construction zones."? The
study noted that the current system of alerting motorists to the dangers of driving in work
zones is not sufficient to make them change their driving habits unless the driver
perceives himself to be in danger. Campaigns should educate the driver that his life is in
danger.

Although drivers had a good understanding of sign legends, the study concluded that
signs need to be made more specific with more human elements in them. Also,
mechanical means should be employed at all construction zones to force drivers to slow
~ down. Signs telling drivers specific speed limits should help as well as telling drivers how
close they are to the work area. Ideally, fewer and more consistent signs, carrying a
simpler and more specific messages should be created.

Another survey of 58 drivers in 3 work zones in Missouri and Georgia was conducted
as part of NCHRP Project 3-41.7Y The intent of the survey was to determine if drivers
knew they drove through a work zone; could recall the features of a work zone, including
the speed limit; and if they really understood the purpose of work zone traffic control.

In one work zone, work was off of the traveled way. In the other two, work was in
the traveled way and right lane closures were the traffic control procedures. Almost all
of the drivers entering the work zones (91 percent) said they saw the speed-limit sign
and/or slowed down as a result of reduced work zone speed limits.

Drivers believe that the speed limit should not be reduced when there is no work or
when work is off of the traveled way. Results of speed studies showed that drivers
reduced their speeds less when work was off of the traveled way, even though the open-
highway speed limit (65 mi/h (104 km/h)) was the same for all three work zones.

The surveys showed that drivers do understand the meaning of work zone signing and
traffic controls. Drivers should receive specific messages of speed and distance to the
work area. They believe that a lane closure, workers in or near the road, and traffic
congestion are reasons to reduce the speed limit.
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SPEED CONTROL PROCEDURES

Most highway agencies use regulatory speed limits in work zones to control and
enforce vehicle speeds and prevent accidents. However, published research states that
regulatory speed limits are not very effective in reducing vehicle speeds in work
zones. 121314

Several other procedures for controlling speeds in work zones have been tried. After
reviewing speed control procedures, the Texas Transportation Institute (TTI) studied
flagging, law enforcement, changeable message signs, and lane width reduction.® The
results of the evaluation are summarized in Table 3. The most effective speed control
treatments were flagging and enforcement. They had average speed reductions of 19 and
18 percent, respectively. It was determined that a properly trained flagger drawing
attention to a regulatory speed-limit sign can reduce vehicle speeds by 5 to 10 mi/h (8 to
16 km/h).

The presence of a police vehicle parked just off of the travel lanes can also reduce
vehicle speeds by 5 to 10 mi/h. Speed reductions are slightly greater when the police
vehicle’s lights and/or radar are turned on.

- Work zone speed enforcement also has a positive effect on work zone safety. The
Missouri Highway and Transportation Department (MHTD) and Missouri State Highway
Patrol (MSHP) have conducted a "Give Yourself A Brake" publicity program and
increased speed enforcement efforts in selected freeway work zones."'” For the year
1989, 369 officers of the MSHP worked over 1,460 hours in the construction zone
enforcement program. A total of 1,748 arrests were made; including 1,088 speed arrests.

To evaluate the effectiveness of the program in reducing accidents in work zones, the
MSHP compiled work zone accidents for the months of April through September for the
years 1988 and 1989. Total accidents for the 2 periods were reduced 15 percent (from
364 in 1988 to 309 in 1989). Fatal, plus injury, accidents were reduced 26 percent (from
104 in 1988 to 77 in 1989). The MSHP believes that the construction-zone speed-
enforcement program was successful and continued it in the 1990 construction season.

TTI found that changeable message signs may reduce vehicle speeds in freeway work
zones by up to 5 mi/h (8 km/h). Such speed messages, however, tend to lose their
effectiveness if displayed for more than a few days at a time.®

Narrow lanes can be used in freeway work zones to increase the number of available
lanes and, thus, increase capacity. An evaluation in Houston, found that the use of 9.5 ft
(2.9 m) lanes in a freeway work zone reduced speeds by 4 to 5 mi/h (6 to 8 km/h).® A
study by Kemper, Lum, and Tignor found that accident rates increased where 9 ft (2.7 m)
lanes were used. Accident rates were reduced to preconstruction levels when 10 and 11 ft
(3 'and 3.3 m) lanes were used."®
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Table 3 - Effective Speed Control Procedures®

Average
Speed Speed
Control Reduction
Procedure (%) Comment

Flagging 19 Innovative flagging--Flagger motioned to slow
, oy with freehand, then pointed free hand to speed
limit sign. Flaggers on both sides of a travel
lane may further reduce speeds. Flagger should
be attired with standard vest to connote
authority.

Law Enforcement 18 Police traffic controller--Uniformed officer next
to speed limit sign and motioning for traffic to
slow was the most effective. Stationary police
car was also effective, but speeds increased
when the officer left the work zone to pursue a
speeder. The addition of radar reduced speeds
up to 3mi/h. A circulating patrol car was the
least effective.

Changeable 7 Information message plus speed advisory is

Message Sign effective when used as advanced warning. Most
effective for new projects or when traffic
controls are changed. Can be effective during
both day and night.

Lane width 7 Narrow lanes reduce speed, but increase speed

Reduction variance. Minimum lane width should be 10
feet or greater. Devices used to reduce lane
width, e.g. cones, can be struck and knocked
into lanes of traffic.
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Table 4 lists other work zone speed control procedures.’#%1718192) Many of the
procedures are presently being used and are having some success at reducing vehicle
speeds. Depending on local work zone conditions, one of these procedures may produce
the desired speed-reduction results.

RECOMMENDATIONS FOR WORK ZONE SPEED CONTROL

The following recommendations for work zone speed control are based on research
conducted by Federal, State, and private researchers:

e Design and install work zone traffic controls for the speed that traffic will drive.
This was first recommended by the California Department of Transportation in
1972 and has since been repeated by other researchers.

o Using the above recommendation and the results of Garber and Gadirau,® the
following work zone design speeds based on 85th percentile speed are presented:

Recommend Work Zone Design Speed (1 mi/h = 1.6 km/h)

85th Percentile Speed (mi/h) Design Speed (mi/h)

60-65 70
50-55 60
40-45 50

e Adhere to established work zone traffic control standards, such as correct taper
length and proper number and spacing of signs and channelizing devices.®

o Efforts to reduce work zone speed should be founded on an identifiable need.®
Speed reduction should be aimed at decreasing the number and/or severity of
work zone accidents or the potential for accidents at sites where speed-related
potential hazards exist. Speed-related potential hazards are those which exist, or
are made worse, because traffic is traveling too fast for conditions. Typical
examples include: : :

* Insufficient sight distance to the work zone, particularly to a lane closure.

* Hidden or unobvious work zone features, such as subtle changes in alignment
and edge of pavement drop-offs.

* Reduced work zone design speed, that is, the computed speed which is based
on such factors as stopping-sight distance degree of curvature.
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Table 4 - Other Speed Control Procedures®311:17,181920)

Regulatory and Advisory Signing
Dynamic Speed Limit Signing
Traffic Activated Signing
Truck Mounted Sign

Wark Zone Deaths Sign
Radar

Mock-up of a Police Car
Unused Police Cars

Increased Fines for Infractions
Flashing Lights on Signs

High Visibility Clothing

Iowa Weave Section

Rumble Strips

Speed Bumps and Humps
Pacing

Pilot Vehicle

Transverse Striping

Colored or Textured Pavement
Traffic Queue (Congestion)
Highway Advisory Radio

Traffic Signals
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* Unprotected work space where an errant vehicle could receive catastrophic
damage.

o If a speed limit reduction is needed, reduce the work zone speed limit as little as
possible consistent with safe traffic operations.®”

Recommended Maximum Speed Reductions (1 mi/h = 1.6 km/h)

Freeway Type Maximum Speed Reduction (mi/h)
Rural 5-15
Urban 5-10

o Flagging, police speed enforcement, changeable message signs, and narrow lanes
are recommended as the most effective work zone speed control procedures.

o Speed control treatments should be accompanied by a speed-limit sign and a
message stating the distance to the treatment (e.g., flagger) or work area.
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INTRODUCTION

Over the past 20 years Broward County has been one of the fastest growing
communities in the United States. The 1970 population of 620,000 doubled to an
estimated 1,256,000 in 1990.

In the middle of the 1980’s, the Florida Department of Transportation began an
ambitious program of highway improvements to accommodate the growing demand for
mobility within the county resulting from this population increase. I1-595, a completely
new interstate facility serving east-west movements was designed and constructed, and a
new north-south link was added at the western edge of the county through the design and
construction of I-75 and the Sawgrass Expressway. Even though these new facilities have
been added to the highway network, I-95 remains the most heavily traveled route in the
county and its expansion is an important element of this improvement program.

[-95 EXPANSION PROGRAM

The 1-95 Expansion Program is reconstructing 25 miles of Interstate 95 at a projected
cost of approximately $176 million. Before reconstruction, I-95 was a six-lane facility,
with auxiliary lanes between selected interchanges. The expansion program is adding
concurrent flow HOV lanes and full width shoulders in the median and auxiliary lanes
between interchanges. The older sections of I-95 with substandard vertical curves are
being totally rebuilt.

In response to the scope and needs of this effort, the Florida Department of
Transportation (FDOT) put together a team of consultants with strong credentials in
construction management, public information, and maintenance of traffic.

The general consultant, Morrison-Knudsen Engineers, has overall responsibility for
monitoring and managing the reconstruction efforts for the DOT. It fulfills these
responsibilities with the aid of four construction engineering and inspection (CE&I)
subcontractors and through its own experts in the fields of utilities, structures, schedule
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analysis, cost and claims analysis, and construction operations.

The Public Information Office (P1O), ATE/Ryder, has handled the tasks of keeping
the media informed of construction activities and presenting complex situations in a
streamlined form that the media can understand and relay to the public.

The department contracted with the firm of Frederic R. Harris to provide support on
maintenance of traffic issues. The activities performed by Harris include: preconstruction
planning and assistance with the preparation of special provisions, the review of requests
from the contractors for lane closures on the mainline and cross streets, the field
surveillance of lane closures and other maintenance of traffic (MOT) aspects of
construction, support to the FDOT on incident management issues, and traffic
engineering activities related to construction.

Special Provisions

Before the construction contracts were sent out for bids, the consultant team prepared
a set of "special provisions" that were made a part of the contract documents. These
special provisions provided supplementary instructions to the contractors on many aspects
of construction, including the MOT. The MOT items that were included to minimize
traffic disruptions are described in the following paragraphs:

e Avoiding conflicts with seasonal peaks--Traffic volumes in the Ft. Lauderdale area

increase up to 15% over normal levels between Thanksgiving and Easter when
snowbirds and other visitors arrive for their winter vacations. In 3 of the 4
projects, traffic disruptions were limited to just one peak season by using a "fast-
track" schedule of 18 months and by prohibiting the contractors from shifting the
mainline traffic lanes until after Easter of 1989. The department also decided that
it would be better to minimize the overall duration of construction in the corridor
by having all 4 of the contracts under construction simultaneously, rather than
awarding these contracts sequentially, which would have dragged out the
inconveniences of construction for a longer time period.

e Hours of mainline lane closures--Because of the emphasis placed on maintaining
traffic flow during construction, several restrictions were placed on the ability of
the contractor to close travel lanes. Closures of a travel lane on the mainline
were only allowed between 10 p.m. and 6 a.m. This restriction on lane closures
required the contractors to perform several of their operations at night, including
the reconstruction of the old bridge edge barriers, resurfacing the existing lanes,
the installation of new bridge beams, and the pouring of concrete for the new
bridge decks.

o (Cross-street lane closures--Just as important as the restrictions placed on the

contractor’s ability to close lanes on the mainline were the lane closure restrictions
placed on the 24 streets crossing over and under 1-95. These restrictions were
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mandated because of the directional nature of travel in Broward County, in which
large numbers of people commute between residential communities west of the
highway and their jobs, the beach, and other destinations east of the